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The service industry has become a leading factor in economies worldwide, and a great 
deal of studies have been conducted to facilitate and improve the management of new 
service development (NSD). In contrast to NPD, NSD still lacks a well-formalized 
development process. Moreover, there are no generally accepted procedures for NSD. 
The use of an encompassing methodology that could overcome the current concerns in 
NSD, with the focus on both managerial and technical aspects, is becoming more and 
more vital for service-based organizations.   
Based on a literature review of NSD process and six sigma, this research investigates the 
use of six sigma methodology in service organizations and examines its likely impact on 
the success of NSD projects. Six sigma is not solely a quality toolset but also a 
comprehensive management philosophy with a broad business strategy. Hence, to 
investigate its application in any industry, we need to consider the managerial aspects and 
the toolset collectively. Using the six sigma approach in new service or new product 
development has been defined as designing for six sigma or DFSS. Six sigma has been 
established as a successful quality approach in manufacturing. However, its application in 
service industries is restricted to only few sectors. Therefore, the main objectives of this 
research are to investigate the commonality of using the DFSS approach in service-based 
organizations and to investigate its impact on the success of NSD projects.  
Based on the data analysis of 56 service-based organizations in Singapore, we found that 




are more successful in their final outcomes. In fact, the results of the survey on 
Singaporean service organizations show that the DFSS approach can enhance the 
performance and efficiency of new service development.  
In addition, the results show a grave inadequacy in the use of DFSS tools and techniques 
by service organizations. In other words, most DFSS tools and techniques have been 
overlooked in NSD. The findings also shed light on the fact that the quantitative tools and 






















          
CSF    Critical Success Factors 
CTQ Critical to Quality 
DCCDI   Define, Customer, Concept, Design, Implement 
DFSS Design for Six Sigma 
DMADOV    Define, Measure, Analyze, Design, Optimize, Verify 
DMADV    Define, Measure, Analyze, Design, Validate 
DMAIC Define, Measure, Analyze, Improve, Control 
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Chapter 1 Introduction 
 
1.1 Research Background 
The service industry has become a dominant factor in worldwide economies and a major 
source of employment since the 1980s. It is speculated that economics and job growth 
will be dominated by service organizations through the 21st century (Menor et al., 2002). 
Consequently, service organizations are coping with a growing pressure to offer new 
services, especially with service globalization and rapid technological progress (Menor et 
al., 2002). This issue has brought the management of new service development (NSD) 
into focus. New service development includes all activities that must be carried out in 
order to develop offerings such as financial services, healthcare, educational services, 
consulting services and leisure and hospitality. However, in the service management 
literature, NSD is a rarely studied topic and the current understanding of activities critical 
to developing new services is inadequate (Menor et al., 2002; Alam and Perry, 2002). By 
investigating the literature, the absence of a generally accepted approach toward NSD can 
be observed. That is, new services, unlike new products, are mostly developed through an 
unsystematic and unorganized process; this results in inefficient and under-designed 
outcomes (Menor et al., 2002).  
Additionally, nearly all NSD models are based on new product development (NPD) 
frameworks and a number of studies have implied that there is no need to differentiate 
between tangible and intangible products in a development process (Johne and Storey, 
1998). Services, however, are different due to their unique characteristics that are often 
termed IHIP (intangibility, heterogeneity, inseparability and perishability) (Parasuraman 





et al., 1985). Hence, the validity of NPD models for services remains uncertain (Stevens 
and Dimitriadis, 2005). Furthermore, the majority of service products involve close 
interaction with customers which makes the development of new services more intricate 
than the NPD (Alam and Perry, 2002). Hence, the use of an encompassing methodology 
capable of overcoming the current concerns in NSD, with a focus on both managerial and 
technical aspects, is essential for service organizations.  
In this study we explore the likely effects of using the six sigma methodology in NSD 
and attempt to construct a framework that could be applicable to service organizations. 
Six sigma is a project-driven approach with an entire business concept including the 
interrelation of the described strategy, the organizational structure, the procedures, the 
tools and the techniques (Pfeifer et al., 2004). Using the six sigma approach in new 
service or new product development has been defined as designing for six sigma, or 
DFSS. DFSS is a systematic approach that helps organizations to design products or 
services that meet or exceed customers’ expectations with the use of well-established 
tools and techniques (Kwak and Anbari, 2006; Mader, 2002). It is an upstream strategy 
through which firms can meet their customers’ expectations and deliver high quality 
outcomes at the beginning stages (El-Haik and Roy, 2005).  
Although six sigma has been well established as a successful business strategy for many 
manufacturing industries, its application in service firms is restricted to only a few 
industries. Many service organizations still consider six sigma to be an approach best 
usable in a manufacturing process. Scrutinizing the literature on the use of six sigma in 
service companies suggests that service organizations could reap significant benefits by 
implementing six sigma in their processes. Nearly all of the previous studies on six sigma 





have focused on manufacturing firms and only a few case studies can be found that relate 
to six sigma implementation in service industries. However, most of the case studies have 
investigated the application of the DMAIC methodology and have limited their scopes to 
financial services and healthcare (Chakrabarty and Tan, 2007). Among the current 
studies, none have examined the influence of using the DFSS approach on new service 
development or its impact on service performance. Therefore, a comprehensive study that 
explores the impact of the DFSS approach on new service development is needed. 
 
1.2 Research Objective 
In this research we will investigate the application of the DFSS approach in service 
industries and examine its impact on NSD performance. The aim of the research is not 
only to concentrate on tools and techniques, but also to comprise the full procedures of 
the approach. As it will be discussed later, six sigma is not solely a quality toolset but 
also a comprehensive management system with a broad business strategy (Antony and 
Banuelas, 2002). Therefore, to investigate its application in any industry, we must 
consider the managerial aspects and the toolset collectively. 
The pertinent objectives of this research are defined as follows: 
• To identify the current commonality of the DFSS approach in service industries. 
• To investigate the possible impact of the DFSS approach on NSD performance. 
To conduct this research we will review previous studies on service concepts and service 
quality, new service development and its major success factors and six sigma and DFSS 





literature. Based on the reviews, a conceptual framework will be developed comprising 
the fundamental elements of DFSS. Next, a survey study will be carried out in order to 
investigate the impact of the application of the DFSS approach in service industries.   
This thesis contributes to the understanding of the possible merits that service firms could 
reap by implementing DFSS in their new service development. The results of this 
research may be useful for service companies to understand the benefits of DFSS and 
may lead them to implement this approach in their NSD to achieve more effective and 
efficient outcomes. 
 
1.3 Structure of the Thesis 
This thesis consists of six chapters and Figure 1.1 illustrates its structure. The content of 
each chapter and their relationships are described as follows. 
Chapter 1, the current chapter, gives a summary of the research background and 
objectives and a brief introduction of other chapters. 
Chapter 2 is the literature review and covers the past studies on service concepts, service 
quality, new service development, six sigma philosophy and methodologies, the design 
for six sigma and six sigma challenges in service industries. After reviewing the previous 
literature, we will propose a research gap that this study aims to fill. 
In Chapter 3 a research framework is developed based on the literature review. We break 
down the DFSS approach into two major sections: (1) infrastructure and (2) tools and 
techniques. Then we elaborate on each section and introduce a conceptual framework 





consisting of the key principles of DFSS. 
Chapter 4 describes the research methodology used to examine our proposed framework. 
The questionnaire structure and design, measures for the dependent and independent 
variables and the necessary steps for the implementation of the survey will be presented 
in detail. 
In Chapter 5 the collected data from Singaporean service firms is presented and analyzed 
in order to answer the research questions. Moreover, the findings of the survey will be 
followed by a comprehensive discussion for each construct of the framework. 
Chapter 6 is the conclusion section and covers a brief discussion of the findings and 
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Chapter 2 Literature Review 
 
2.1 Introduction 
The purpose of this chapter is to review the previous research and studies in the following 
areas: (1) service concepts, (2) new service development and (3) six sigma. The chapter is 
organized in the following manner. Firstly, it provides an overview of the service 
definition, different service classifications and most distinguished service quality models. 
Next, we investigate the existing new service development (NSD) models and identify 
the main success factors of NSD mentioned in past literature. After that, we look into the 
six sigma concept as an established quality approach and its two methodologies for 
process improvement (DMAIC) and process design (DFSS). We then further elaborate on 
the DFSS approach as the main focus of this research and investigate the existing 
literature on applying six sigma in service organizations as well as the challenges that 
service firms encounter when doing so. Finally, research questions are formulated based 
on the knowledge gap identified by the literature review. 
 
2.2 Service   
Service industries have become a dominant factor in worldwide economies and a major 
employment provider since the 1980s. It is likely that economics and job growth will be 
dominated by service through the 21st century (Pilat, 2000). Consequently, service firms 
are facing an increasing pressure to offer new services in a market that has become very 





competitive due to service globalization and rapid technological progress (Menor et al., 
2002). The importance of the service industry to economies makes this area one of the 
most interesting fields available to researchers. Hence, a large number of studies have 
been published over the last few years that have contributed to the service area. The 
following overview consists of a definition of service, a classification of services, service 
quality, service development and major success factors in new service development. 
 
2.2.1 Service Definition  
Over the years researchers have defined service in a variety of ways. Service has been 
frequently described as an intangible entity with an output that is an activity rather than a 
tangible unit (Johns, 1999). However, this straightforward definition of service seems 
questionable as the outputs of service often have substantial tangible components (Cook 
et al., 1999). In general, service is more complicated than a product in terms of designing 
and measuring its quality because it encompasses not only physical attributes but also 
processes and interpersonal interactions (Johns, 1999). On the other hand, Gummesson 
(1994) claims that the long-established division between goods and services is already 
outdated since the majority of offerings consist of several components, some of which are 
considered to be intangible activities and some as tangible outcomes. Similarly, Cook et 
al. (1999) mention that manufactured goods and services are greatly related to each other 
because most services are accompanied by the facilitating goods and vice versa. 
Goldstein et al. (2002) give a more comprehensive definition of service and describe it as 
a combination of process, core service delivery, interpersonal interactions, people skills 





and materials which should all be incorporated in a way suitable for answering the 
customer’s need. 
Some other definitions of service are as follows:  
“Activities, benefits or satisfactions which are offered for sale, or are provided in 
connection with the sale of goods” (Committee on Definitions, American Marketing 
Association, 1960).  
“…as economic activities that produce time, place, form or psychological utilities...” 
(Murdick, Render and Russell, 1990).  
“Deeds, process and performances”(Zeithaml and Bitner, 1996).  
 
2.2.2 Service versus Product  
Traditionally, it is said that services differ from products in their four unique 
characteristics commonly termed IHIP, an acronym for intangibility, heterogeneity, 
inseparability and perishability. According to Zeithaml and Bitner (1996), intangibility is 
the key factor that differentiates services from products. The term implies that, although 
services are usually offered with specific tangible components, customers are still risking 
buying something that they cannot wholly judge prior to purchase (De Brentani, 1991). 
This issue causes difficulties for controlling the quality of the service and its evaluation 
by the producer and customer (Levitt, 1976). Bebko (2000) considers the intangibility of 
service from two different perspectives: outcome intangibility and process intangibility. 
He later investigated the effect of this intangibility on service quality and customer 





expectations. As the total intangibility increased, he found, so did customer expectations 
of quality and the risk of not satisfying them. 
Service is usually created and consumed simultaneously. Both the producer and the 
consumer play a role in the delivery of service (Johne and Storey, 1998). This attribute of 
service is called service heterogeneity or service variability, and it causes service to vary 
in quality each time and be difficult to measure (Olsen and Sallis, 2006). The 
heterogeneity of service has its own merits and disadvantages. While it can help the 
producer to better satisfy its customers through service customization (Maister and 
Lovelock, 1982; Shostack, 1987; Jackson and Cooper, 1988), it can also lead to 
inconsistent outcomes and cause poor service quality, high customer risk and unreliability 
(Lovelock, 1983; Shostack, 1987). 
Inseparability means that services are produced and delivered in the presence of the 
purchaser and involve interactions between the clients and the customers during delivery 
(De Brentani, 1991). This interaction means that customer satisfaction relates not only to 
the outcome of the service but also to the quality of the process which delivers that 
service (Gronroos, 1990). Hence, when designing a new service, developers should focus 
on both the outcome of the service and the process of delivery in order to fulfill 
customers’ requirements and expectations.  That is , designing a  successful new service 
requires active participation from a broad set of functional experts within the organization 
(Shostack, 1984) and the involvement of the customer plays a more substantial role in 
new service design than in the product (De Brentani, 2001). 





The fourth concept cited in literature that distinguishes services from physical products is 
perishability, meaning that services cannot be stored or inventoried by their provider. In 
other words, once a service is produced, it must be used or will quickly become 
worthless. Whenever the service demand is above or below the company’s capacity, the 
firm will lose the chance to benefit from selling or storing it. This attribute leads firms to 
sustain unreasonable expenses during purchase pauses due to the idleness of their staff 
and facilities, and to lose further revenue during peak demand periods because it is not 
possible to have pre-produced service (Berry, 1980). 
 
2.2.3 Classification of Service 
Classification of services allows researchers to better understand the characteristics which 
differentiate service organizations from manufacturing and help them to develop theories 
within specific service areas (Cook et al., 1999). In spite of the fact that many scholars 
have conducted research with the aim of developing a coherent classification scheme for 
services over the past four decades, the existence of multiple definitions of service seems 
to have hindered them from achieving a unique classification. Moreover, not one of the 
theorized classification schemes has been successful in decreasing the difficulties of 
understanding and screening services as a manageable set of characteristics (Bebko, 
2000; Cook et al., 1999). Most of the typologies have considered specific service 
dimensions to classify services. Cook et al. (1999) have categorized the most prominent 
service typology dimensions into a macro view and micro view as shown in Figure 2.1. 
 

















It is important to consider both the macro and micro views in order to characterize a 
service sector comprehensively (Cook et al., 1999). A summary of the existing service 




Figure 2.1- Service typology dimensions and their relationships (Cook et al., 1999) 
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Author Classification Scheme 
Judd (1964) Rented goods services, Owned goods services, Non-goods 
services  
Shostack (1977) Degree of tangibility and intangibility of each good or 
service  
Chase (1978) Extent of customer contact required in service delivery 
(high contact: health care, low contact: postal service) 
Thomas (1978) Equipment based, People based 
Mills and Margulies 
(1980) 
Personal interface between the customer and the service 
organization 
Bell (1981) Matrix based on tangibility and extent of customer 
involvement 
Maister and Lovelock 
(1982) 
Customer contact, Extent of customization 
Schmenner (1986)  Degree of labor intensity, Degree of customer-provider 
interaction and service customization 
Shostack (1987) Complexity, Divergence 
Haywood-Farmer 
(1988) 
Degree of labor intensity, Degree of interaction, Degree of 
customization 
Wammerlov(1990) Nature of customer (service system interaction), Degree of 
routinization of the service process, Objects toward which 
service activities are directed 







Absence of finished inventories, Joint production by 
supplier and customer 
Kellog and Chase 
(1995) 
Empirically assessed model of customer contacted based on 
1) Communication time, 2) Intimacy and 3) Information 
richness  
Lovelock and Yip 
(1996) 
People-processing services, Possession-processing services, 
Information-based services 
Table 2.1 – The summary of service classification schemes (Cook et al., 1999) 
 
2.2.4 Service Quality  
 
The concept of service quality has been, so far, a challenging issue for researchers 
engaged in service science. Many efforts have been undertaken to understand, identify 
and measure service quality. According to Zeithaml (1987), the concept of service quality 
refers to the perceived superiority of a service as judged by the consumer. The most 
famous quality model was introduced by Parasuraman et al. in 1985 as SERVQUAL. The 
original model consisted of ten components which measured different aspects of service 
quality in a multidimensional construct. In 1988 they revised the model and the ten 
components were narrowed down into five dimensions: Reliability, Assurance, 
Tangibles, Empathy and Responsiveness. Nevertheless, some authors criticize the 
SERVQUAL model and have noted that its focus is mainly restricted to the service 
delivery process (functional aspect) and it does not embrace other service aspects such as 
outcome quality or technical dimensions (Gronroos, 1990; Mangold and Babakus, 1991; 
Richard and Allaway, 1993). Gronroos (1982) mentions the technical aspect, what the 





service provides, and the functional aspect, how the service is provided, as the two main 
dimensions of service quality. He also underlines the “image” concept as an important 
factor in the perceived service quality model, noting the fact that a company’s earlier 
image influences customers’ judgments of the new service. Since then, most of the 
research in service quality models has been divided into two perspectives: American or 
European. The American perspective is based on the work of Parasuraman et al. (1985, 
1988) who evaluated service quality based on the functional quality. The European 
perspective, based on the work of Gronroos (1982, 1990) and Lehtinen and Lehtinen 
(1982), includes the three dimensions of service: technical, functional and image. 
Furthermore, Kang and James (2004) have proposed a multidimensional and multi-level 
framework that mixes these two perspectives to achieve a more accurate and precise 
measurement of service quality. The model suggests that service quality consists of 
technical and functional dimensions that affect the customer’s satisfaction, and that an 




















By investigating the past literature on service quality, a summary of the most 
distinguished models used for measuring service quality was identified and is listed as 
follows (Table 2.2). 
Author Components 
Gronroos (1982) Technical aspect (what the service provides), Functional aspect 
(how the service is provided) 
Lehtinen and 
Lehtinen (1982) 
Physical quality, Interactive quality, Corporate (image) quality 
Parasuraman et al. 
(1985) 
Reliability, Responsiveness, Competence, Access, Courtesy, 
Communication, Credibility, Security, Understanding the 
customer, Tangibles 






















Parasuraman et al. 
(1988) 
Reliability, Assurance, Tangible, Empathy, Responsiveness  
Gronroos (1990) Technical quality, Functional quality, Image (reputational) 
quality 
Rust and Oliver 
(1994) 
Customer-employee interaction, Service environment, Outcome 
Sureshchandar et 
al. (2002) 
Human element, Servicescapes (tangibles), Core service, Non-
human element, Social responsibility 
 
2.3 New Service Development  
The fact that service industries are becoming more crucial in worldwide economies has 
brought the management of new service development into focus. However, NSD remains 
one of the least studied topics in the service management literature (Alam and Perry, 
2002). Investigating the literature on NSD revealed that the generally accepted principle 
behind NSD is that new services happen ad hoc and through a disorganized process 
(Menor et al., 2002). Hence, services are mainly under-designed and inefficiently 
developed in comparison with physical products (Froehle et al., 2000). 
To explain NSD, we should first clarify the new service term. There are several 
definitions for new service among researchers. According to Johnston (1999) and 
Shostack (1987), service consists of interactions between participants, processes and 
physical components. Therefore, any change to these elements can be recognized as a 
new service (Menor et al., 2002). Menor (2000) separates service outcome from service 
Table 2.2- Models for measuring service quality 





delivery, and defines new service as a change in one or both of these areas. Some 
scholars have further divided new services into two definitions: external newness, the 
novelty of the service that the customer perceives, and internal newness, the degree of 
change in the service operation and delivery (Tatikonda and Zeithaml, 2001; Menor et al., 
2002). Both aspects should be considered when developing a new service. External 
newness is helpful when considering market positions or planning promotions (Menor et 
al., 2002), while internal newness is more useful at the operational level and considers the 
degree of change in the service delivery, personnel training, information flows and 
information technology infrastructure (Tatikonda and Zeithaml, 2001; Tax and Stuart, 
1997). 
Another classification for new service development was introduced by Johne and Storey 
(1998). Their model separates the types of business development into the three categories 











Offer    Development 
           Product Development
           Product Augmentation 
Figure 2.3 - Components of organic business development (Johne and Storey, 1998) 





Different types of firms may give a different emphasis to each category. For instance, in 
highly technology-driven firms, the greatest priority would be on offer development 
while, in purely service-driven organizations, process development would be the 
dominant factor (Johne and Storey, 1998). Johnson et al. (2000) categorize new services 
based on the extent of innovation, ranging from radical to incremental (Table 2.3). 












• New service for markets as yet undefined; 
innovations usually driven by information and 
computer-based technologies. 
• New service in a market that is already served by 
existing services. 




• Augmentations of the existing service line such 
as adding new menu items, new routes, and new 
courses. 
• Changes in features of services that currently are 
being offered. 
• Modest forms of visible change that have an 
impact on customer perceptions, emotions, and 
attitudes; style changes do not change the service 
fundamentally, only in appearance. 
 Table 2.3 - New services classification 





In contrast to NPD, NSD still lacks a well-formalized development process and research 
about its procedures is less developed (Alam and Perry, 2002). Although services have 
unique characteristics such as intangibility, heterogeneity and customer participation 
which distinguish them from the manufacturing, most studies on NSD have left these 
characteristics unstudied (Fitzsimmons and Fitzsimmons, 2001). Most of the models in 
NSD are mainly based on existing NPD models, particularly the one that was offered by 
Booz, Allen and Hamilton (1982) which consists of seven stages: new product strategy 
development, idea generation, screening and evaluation, business analysis, development, 
testing and commercialization. However, though most of the NSD models are based on 
existing NPD frameworks, the validity of NPD models for services remains uncertain 
(Stevens and Dimitriadis, 2005).  
 
2.3.1 NSD Models 
In contrast to the new product development studies, a review of the service literature 
yielded only a few models describing the process of new service development, and nearly 
all of the models came from the field of NPD. However, the literature on NSD attempts 
to introduce a model with well-defined processes and definite stages in a linear logical 
flow from the idea generation to the launch. As a case in point, Bowers (1986) has 
proposed a model consisting of eight linear and sequential stages for developing new 
services. His framework was accomplished by an empirical study in the financial and 
healthcare service industries and was mostly based on Hamilton’s model for tangible 
products. In 1989, Scheuing and Johnson proposed a more comprehensive model with 15 
stages using an in-depth survey of 66 financial service organizations. Their research also 





shed light to the fact that the majority of service firms do not use a formal process in 
NSD and usually skip some vital stages such as strategy and objective formulation. 
Another model in NSD was introduced by Alam and Perry (2002) in their empirical study 
of 12 Australian financial service organizations considering the importance of the 
customer’s involvement in the process. Their research shows that the services are 
generally developed over ten definite stages. The most frequent activities among service 
organizations are idea generation and commercialization, while the least frequent are 
strategic planning and test marketing. Moreover, their research emphasized the 
importance of the cross-functional teams and the parallel processing during NSD, 
concepts that had not been mentioned in previous studies. Alam and Perry underscored 
the involvement of customers and their input to the development process as a major 
success factor for new services. They suggested that managers should adopt a customer-
oriented approach toward NSD and look beyond the traditional market research in order 
to obtain their customers’ requirements more proactively. Table 2.4 illustrates the NSD 
models that have been proposed by researchers since 1985. 
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2.3.2 Success Factors in New Service Development  
New service development is an intricate process where success is not simply the 
consequence of managing one or two activities. Rather, NSD success is a multi-factored 
entity including several key activities that need to be managed in a balanced and well 
coordinated manner in order to deliver the desired results (Johne and Storey, 1998). In 
contrast to the tangible products, the success of a service is not mainly dependent on the 
service product itself but on the quality of customer interactions (Ottenbacher et al., 
2006; De Brentani, 1991). Numerous studies have been conducted to shed light on the 
factors that lead to the success or failure of services. After a review of the literature 
discussing the success factors of NSD, two major factors have emerged: having a market-
oriented development process and having an efficient cooperation between the 
requirements of the new service and the resources in the organization. In a more 
comprehensive approach, Johne and Storey (1998) summarize the NSD key success 
factors into three major issues: opportunity analysis, project development and offer 
formulation (Table 2.5).  
1. Opportunity analysis: synergy between the newly developed offers with existing 
process operation. 
a. Product synergy: fitness with company’s strategy and image 
b. Marketing synergy: fitness with different divisions and resources in the organization 
c. Managerial synergy: fitness with organizational structure 
d. Market knowledge: obtain sufficient information about customer needs, market targets and 
competitors. 




e. Market orientation: the use of market research techniques  
f. Market attractiveness: the size and growth of the market 
g. Market synergy: how efficiently the product fulfills customer needs and its response to 
changes. 
2. Project development: activities being conducted during NSD which make the process 
cost-effective and timely. 
a. Innovation orientation: top management support for NSD 
b. Effective NSD management: having a well planned, well executed and  formal developing 
process with experienced staff  
c. Co-ordination: having efficient inter-functional communication, using a formal development 
team and involving frontline employees 
d. Organizational support: high commitment of top managers and people involved in the NSD 
e. Extensive testing 
f. Speed of development 
g. Launch preparation: training the customer contact employees before launch 
h. Formal and effective launch: having a full-scale and well coordinated launch with a post 
launch evaluation 
3. Offer formulation: activities being conducted to deliver a market–oriented service 
which targets customer’s need. 
a. Product advantage: offering differentiated products with unique benefits and significant 
improvement. 
b. Customer knowledge: offering products which are familiar to customers and easy to 
understand 
c. Product quality  
d. Quality of service experience  
 Table 2.5 – The summary of key activities in successful service development 
(Johne and Storey, 1998) 




To sum up, almost all of the studies investigating the success factors of NSD have 
mentioned the importance of having a formal and well-planned process with defined 
stages during service development. It is also mentioned that the ever-growing service 
industries should be based on customer requirements and, to be able to achieve that, 
service firms need to implement a continuous strategy to capture the ever-changing 
market needs. Moreover, some researchers noted the fact that, compared to NPD, NSD 
still lacks a systematic use of tools and techniques. That is, service companies should also 
use a rigorous set of tools to improve their process and outcome (Soteriou and Chase, 
1998; Johne and Storey, 1998). 
 
2.4 Reviews on Six Sigma and DFSS  
Six sigma is a business improvement strategy to enhance the profitability, quality, 
effectiveness and efficiency of all operation processes with the aim of reaching and 
exceeding customers’ expectations (Antony and Banuelas, 2002). Basically, six sigma is 
a project-driven approach which continually reduces defects in the process with a focus 
on the customers’ needs and financial aspect of the company (Kwak and Anbari, 2006). 
However, six sigma should not solely be considered from the statistical point of view, 
which is defined as having less than 3.4 defects per million opportunities. In fact, it is an 
entire business concept (Magnusson et al., 2001) including the interrelation of the 
described strategy, the organizational structure, the procedures and the tools and the 
techniques (Pfeifer et al., 2004). 
 




2.4.1 Six Sigma Logic 
 The term sigma stands for a Greek alphabet letter which describes the deviation from the 
mean. A sigma quality level acts as an indicator that shows how often defects expectedly 
occur in a process. As mentioned by Chalapathi (2003), good organizations usually work 
under a four sigma level for most of their business processes. The basic goal of the six 
sigma strategy is to quantify the variations in the process and reduce these variations with 
a step-by-step approach to the six sigma level which indicates 3.4 defects per million 
parts. A few scholars view six sigma as more of a statistical tool set than a broad business 
improvement approach (Behara et al., 1995; Keller, 2001; Wiklund and Wiklund, 2002). 
However, the majority believe that six sigma is a broad business strategy with a 
comprehensive management system and that its tools and techniques are just the tip of the 
iceberg (Raisinghani et al., 2005). Through investigating the literature, the following 
definitions of six sigma were found: 
 “The ever-increasing integration of quality and business strategy is exhibited in the latest 
methodology to be employed by organizations, the newest methodology is “six-sigma”, 
however, it is not referred to as a quality tool, but rather as a business strategy” 
(Breyfogle and Forrest, 1999, p.2). 
“A business improvement strategy used to improve profitability, to drive out waste, to 
reduce quality costs and improve the effectiveness and efficiency of all operations 
processes that meet or even exceed customers’ needs and expectation” (Antony and 
Banuelas, 2002).  




“Six sigma is a business strategy that seeks to identify and eliminate causes of errors or 
defects in business processes by focusing on outputs that are critical to the customer” 
(Snee, 2000). 
Compared to previous quality initiatives like TQM, six sigma has a greater focus on 
customer requirements, data analysis tools, project management activities and financial 
results for the organization (Anbari, 2002). While previous quality initiatives have tended 
not to focus on bottom line results, the six sigma strategy has a clear focus on the bottom 
line of the business by defining a clear set of measurable financial returns (Antony, 
2004). Each six sigma project is examined through a clear business analysis to ensure the 
profitability of the approach for the organization. In addition to improving financial 
performance, six sigma is also intently focused on satisfying customers by improving the 
quality level of the process outcome. Moreover, it precisely identifies the customers’ 
needs and requirements. To achieve customer satisfaction six sigma identifies the process 
outcome characteristics that, from the customers’ point of view, are critical to quality. It 
further defines a target for each CTQ and improves or designs the process needed to 
reach the defined target (Holtz and Campbell, 2004). 
Antony (2004) highlights the main aspects of six sigma which were not accentuated in 
previous quality approaches: 
• Underlines the importance of the leadership support and commitment for the 
successful project deployment. 




• Integrates both human elements (such as culture change, belt system 
infrastructure, customer focus) and process elements (like process management, 
statistical analysis of process data) for problem solving and process improvement. 
• Introduces a set of tools and techniques for process design and improvement in a 
sequential and disciplined manner. 
• Creates a clear infrastructure of champions, master black belts, black belts, etc. in 
deploying and implementing the approach. 
• Emphasizes the importance of data measurements and data driven decision 
making. 
 
2.4.2 DMAIC Methodology   
 
One of the key advantages of six sigma that distinguishes it from previous quality 
approaches is its systematic framework with well-defined stages. Six sigma is mostly 
applied as a DMAIC (Define, Measure, Analyze, Improve and Control) methodology 
which is used for improving existing processes (Table 2.6). The framework helps 
organizations to use techniques and tools in a logical flow for their projects (Antony and 
Banuelas, 2002). A DMAIC methodology introduces a step by step approach to improve 
quality in an ongoing process. Moreover, it is followed by a precise tollgate review to 
examine whether all of the actions have been taken accurately or not. Overall, it can be 
concluded that six sigma is a more structuralized and project-driven effort compared with 
other quality approaches (Catherwood, 2002). 




DMAIC Steps Key Process 
Define Define the requirements and expectations of the customer, Define 
the project boundaries, Define the process by mapping the business 
flow 
Measure Measure the process to satisfy customers’ needs, Develop a data 
collection plan, Collect and compare data to determine issues and 
shortfalls 
Analyze Analyze the causes of defects and sources of variation, Determine 
the variation in the process, Prioritize opportunities for future 
improvement  
Improve Improve the process to eliminate variation, Develop creative 
alternatives and implement enhanced plan 
Control Control process variations to meet customer requirements, Develop 
a strategy to monitor and control the improved process, Implement 
the improvements of systems and structures  
 
Table 2.6 - DMAIC methodology (adapted from McClusky, 2000) 
2.4.3 Design for Six Sigma 
The ever changing market needs in today’s business world call for more proactive 
approaches to help businesses meet the needs of their customers. DFSS is a systematic 
methodology which enables organizations to design products or services that meet or 
exceed customer expectations with the use of specific tools and techniques (Mader, 
2002). A DFSS methodology is used in new product development or new service 
development to deliver a product or a process with a six sigma quality level (Tennant, 
2001). Unlike the DMAIC methodology, which improves quality by focusing on an 




existing process, the DFSS approach has the potential to remove the existing process and 
bring about totally new and innovative designs with a higher level of performance and 
capability (Kwak and Anbari, 2006).  
De Feo and Bar-El (2002) mention seven elements of DFSS as follows: 
• Designs a process which is customer-oriented with six sigma levels 
• Predicts the process quality at the start 
• Matches top-down requirements flow down with capability flow up 
• Uses cross-functional design involvement 
• Brings quality measurement and predictability improvement in early design stages 
• Uses process capabilities in making final decisions 
• Monitors process variance to verify whether customer needs are met or not. 
 
While DMAIC has been broadly recognized as an accepted framework for improving an 
existing process, there is no worldwide acronym for the DFSS methodology and it still 
lacks a general framework which could be utilized by organizations. In fact, DFSS is 
more of an approach than a defined methodology which tries to manage the development 
process more efficiently and effectively. Different organizations use different kinds of 
DFSS methodologies with different stages depending on their objectives. The most 
mentioned acronyms quoted in the literature are as follows: 
• DMADV: (Define, Measure, Analyze, Design, Validate) (Gitlow al., 2006). 
 
• IDOV: (Identify, Design, Optimize, Validate) (Woodford, 2002). 
     




• ICOV: (Identify, Characterize, Optimize, Validate) (El-Haik and Roy, 2005).  
 
• DCCDI: (Define, Customer, Concept, Design, Implement) (Tennant, 2001). 
 
• DMEDI: (Define, Measure, Explore, Develop, Implement) (El-Haik and Roy, 
2005).  
 
Although the mentioned methodologies are different in their name and number of stages, 
they all use the same tools and techniques and have the same objectives, presenting little 
difficulty to alternate their use (El-Haik and Roy, 2005).  
 
2.4.4 Differences between DMAIC and DFSS  
The DMAIC methodology is more suitable for improving an existing process with an 
incremental method by minimizing the process variations (Banuelas and Antony, 2003). 
It assumes that the design of a product or service is correct and that customers are 
satisfied with the current design, but there does exist some variations in the process 
which should be reduced to the six sigma level to avoid customer dissatisfaction (Nave, 
2002). Banuelas and Antony (2003) mention that, although DMAIC is capable of 
improving the efficiency of the current process in a reactive way, DFSS considers both 
the efficiency and the effectiveness of the process through a more proactive and rigorous 
approach, as it intends to replace the existing process with a radical new one. Harry and 
Schroeder (2000) mention that the outcome of the DFSS is a new design that is resource 
efficient, robust to process variability and highly linked to customer demands. Comparing 
it with DMAIC, DFSS is more proactive in capturing customer expectations and 




priorities with its powerful quality oriented tools (Kwak and Anbari, 2006). The DFSS 
merit is mainly based on using the inventive methods to satisfy customers by capturing 
their actual needs. By using reliable techniques such as QFD, the DFSS team translates 
the voice of the customers into the critical to quality characteristics (CTQs) and designs a 
process in a way that meets the CTQs (Antony and Banuelas, 2002). From a business 
point of view, it should be mentioned that benefits from DFSS are more difficult to 
quantify and tend to take more time to yield financial rewards, yet the profit would be 
higher. In fact, a successful implementation of DFSS will have a great impact on the long 
term profitability of an organization by improving customer satisfaction and, in turn, 
market share (Antony and Banuelas, 2002). 
 
2.5 Six Sigma in Services  
Six sigma first originated from manufacturing companies where a small variation from 
the target could result in costly defects. Its statistically-based quality improvement has 
been said to be most suitable for manufacturing processes which helps organizations to 
improve their processes by reducing the defects (Hensley and Dobie, 2005). While six 
sigma has been well recognized as a successful business strategy for manufacturers, its 
use in service industries remains unpopular (Antony, 2006). Many service based 
organizations still suffer from the paradigm that confines six sigma to the manufacturing 
processes where its statistical tools and techniques are easily applicable to the repeatable 
processes (Antony, 2006). This mindset considers six sigma to be a quality tool-set rather 
than a managerial philosophy. The fact that non-manufacturing operations also consist of 




processes with inputs from suppliers and outputs to final customers will be helpful to 
better understand that six sigma could be implemented in service organizations just as 
broadly as in manufacturing firms (Does et al, 2003). By using six sigma, organizations 
can reach a more consistent process which will help them to decrease their cost, better 
satisfy their customers and increase their profits (Hensley and Dobie, 2005). The need for 
using six sigma methodologies in service industries has become more imperative due to 
research showing that the common quality level for most service processes is below a 3.5 
sigma level with a defect rate of over 23000 PPM (Yilmaz and Chatterjee, 2000). By 
improving service quality to the six sigma level, organizations can expect significant 
financial returns due to fewer customer complaints and improved customer satisfaction 
(Antony, 2006). 
According to Antony (2006), the main benefits of adopting six sigma in service oriented 
companies are as follows:  
• Improves the effectiveness of decision making process in the organizations due to 
its emphasis on data and facts. 
• Increases customer satisfaction and loyalty by better understanding their needs 
through the critical-to-quality service characteristics. 
• Improves the efficiency and reliability of internal operations which would lead to 
a greater market share. 
• Increases the knowledge of using various quality tools and techniques across the 
organization. 
• Reduces the average time of service delivery by eliminating non-value added 
operations. 




• Improves the consistency level of service by reducing the variability of the 
process.  
• Changes the mindset of the organization from being reactive to proactive toward 
various issues and problems. 
• Emphasizes using cross-functional teamwork for the projects. 
 
2.5.1 Challenges of Applying Six Sigma in Services 
 
Although six sigma methodologies will have a positive impact on the performance of 
service organizations, there are some inherent difficulties in its application due to the 
unique characteristics of service. One of the challenges is defining the critical to quality 
characteristics (CTQs) of a service process. In other words, we must define “what to 
measure” and “how to measure” (Antony, 2006). Services, due to their inherent 
characteristics, are less tangible than products. This makes them more complex to 
measure and quantify. Moreover, the heterogeneity of service means that it typically 
consists of non-repeatable processes. This attribute makes it challenging to apply the 
common statistical techniques of six sigma to service processes (Does et al., 2003). Since 
the service industry is highly human intensive, eliminating the cause of variation is not as 
straightforward as it is for manufacturing processes (Sehwail and De Yong, 2003). That 
is, the quality factors in service processes are less controllable and more psychologically 
and sociologically oriented which creates the challenge of defining them operationally for 
process improvement and design (Does et al., 2003). 




Hensley and Dobie (2005) mention four potential difficulties for using six sigma in 
services: 
1) Gathering data in services is more difficult than in manufacturing. 
2) Due to the interaction between customers and service providers, measuring 
customer satisfaction is more difficult in services. 
3) The service process is harder to quantify and the data is harder to obtain. 
4) In a manufacturing environment most data is collected with automatic methods, 
while data from service processes is mostly collected by manual face-to-face 
interaction.  
In conclusion, identifying the exact factors that influence quality characteristics in non-
manufacturing processes is problematic. The intangibility attribute of service processes 
makes gathering quality measurements more troublesome. Hence, the quantitative 
methods of six sigma are assumed to be less applicable to service processes. 
Nevertheless, the general approach of six sigma toward process improvement and design 
is applicable to service industry with some minor modifications. (Does et al., 2003). 
 
2.5.2 CSFs in Services 
 
One key to the success of the six sigma approach in service industries is to understand the 
importance of critical success factors (CSFs). CSFs are essential to the success of 
organizations and without them a project would fail to achieve its objectives (Rockart, 
1979). Antony (2006) identifies the key success factors for the implementation of six 
sigma in service organizations as follows: 




• Strong leadership and management commitment 
• Organizational culture change 
• Aligning six sigma projects to corporate business objectives 
• Selection of team members and teamwork  
• Six sigma training 
• Understanding the methodology, tools, techniques and key metrics 
• Selection of projects and project management skills 
• Linking six sigma to customers 
• Translating the results in financial terms 
In order to implement six sigma successfully, all of the CSFs mentioned above should be 
considered by the management; otherwise, the firms will misspend their resources, 
efforts, budget and time. 
 
2.5.3 CTQs in Services 
 
As it was mentioned earlier, six sigma is a data driven approach that emphasizes using 
clear metrics and indicators in the process. CTQs are the key measurable characteristics 
of a process with exact specification limits and targets which have been defined by 
customers. CTQs are typically derived from customers’ statements and express their 
expectations of a product or service. However, customers often express their needs and 
expectations of products or services in qualitative, subtle ways. Therefore, specific tools 
and techniques are required to convert their spoken needs into a more operational and 
usable definition that can be applied in the process. One of the major challenges in 




applying six sigma to service industries is identifying correct metrics and CTQs that are 
measurable and controllable (Sehwail and De Yong, 2003). By examining the current 
service quality models, we notice that many CTQs in the service area tackle employee 
behavior and other human intensive factors which are hard to measure. Sehwail and De 
Yong (2003) disclose the fact that the most challenging part of applying six sigma to 
services is in metric identification. He further gives an abstract of the most common 
CTQs in healthcare organizations: (1) service level, such as access to care, wait time, 
service time and information conveyance;  (2) service cost, including cost per unit of 
service, labor productivity, etc; and (3) organizational excellence, which refers to 
particular procedures in the organization that fulfill customer needs. In another 
comprehensive study, Chakrabarty and Tan (2007) classify existing CTQs across service 
industries into these four categories: 
• Time: The time that a customer spends in different service delivery processes to 
fulfill his or her need. This can be further divided into service time, waiting time 
and cycle time. 
• Cost: The cost that the customer incurs for using the service is also an important 
factor from the customer’s point of view. 
• Employee Behavior: In contrast with products, services are delivered with a high 
level of interaction between the employees and customers. This characteristic of 
service focuses on the behavior of employees when they are dealing with 
customers. 
• Information: Customers consider getting accurate, reliable and timely information 
to be an important factor of service interactions. 
 




2.6 Research Gap and Research Question 
The service industry has become a leading factor in economies worldwide, and a great 
deal of studies have been conducted to facilitate and improve the management of new 
service development (NSD). After investigating the literature, we found that there are no 
generally accepted procedures for NSD. New services, unlike new products, are mostly 
developed through an unsystematic and unorganized process that can result in inefficient 
and under-designed outcomes (Menor et al., 2002). The use of an encompassing 
methodology capable of overcoming the current concerns in NSD, with a focus on both 
managerial and technical aspects, is essential for service organizations. An examination 
of previous studies on six sigma suggests that service organizations could reap significant 
benefits from implementing the six sigma methodology during their new service 
development. Using the six sigma approach in new service or new product development 
has been defined as design for six sigma, or DFSS. The main objectives of this research 
are to investigate the commonality of using the DFSS approach in service-based 
organizations and to investigate its impact on the success of NSD projects. In conclusion, 
this study will investigate the following research questions: 
1) What is the current commonality of using the DFSS approach in service 
organizations? 
2) What is the impact of using the DFSS approach in new service development? 
 




Chapter 3   Development of Framework 
 
3.1 Introduction 
The aim of this chapter is to propose a framework encompassing the key principles of six 
sigma that is applicable to new service development in service industries. 
 
3.2 Framework 
The proposed framework is based on the findings of a literature review of six sigma 
applications in the manufacturing and service industries. The literature on six sigma 
refers to DFSS as an approach rather than a defined methodology to manage development 
processes more efficiently and effectively. Different organizations use different kinds of 
DFSS approaches with different stages, depending on their objectives. The most common 
acronyms for DFSS are: DMADV, IDOV, DMADOV, ICOV, DCCDI and DMEDI. 
Although the mentioned methodologies are different in their name and number of stages, 
they all use the same tools and techniques and have the same objectives and deliverables, 
presenting little difficulty to alternate their use. Hence, in order to propose a model that 
embraces the key elements of DFSS, we break down the approach into two areas: (1) 
infrastructure and (2) tools & techniques (see Figure 3.1). The infrastructure section 
introduces the principal procedures that should be carried out during the implementation 
of six sigma for NSD. This section targets the managerial aspects of the approach and has 




been classified in four subcategories: project management procedures, employee-related 
procedures, customer-related procedures and business-related procedures. 
Each category includes a set of procedures that should be performed during NSD when 
using the DFSS approach. The procedures were summarized following an extensive 
review of the literature on six sigma and design for six sigma, and are expected to impact 
the NSD performance positively. The second part of the framework elaborates on the six 










3.2.1 Project Management Procedures 
 
Six sigma is a disciplined methodology and a project-driven approach (Kwak and Anbari, 
2006) that provides firms with a systematic, step by step framework for quality 
improvement and business excellence (Goh, 2002). Antony (2004) mentions that the key 
advantage of six sigma is its emphasis on applying a clear road map with well defined 
methodologies, such as DMAIC (for improvement) and DMADV (for design), to help 
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organizations follow certain procedures and techniques in a rigorous and sequential way. 
Compared to other quality measures, we can conclude that the structure and the project 
rigor of six sigma are better defined and help organizations meet their objectives and 
milestones in a timely manner. Six sigma places a strong emphasis on having a clear 
project definition with concrete objectives (Does et al., 2006) and, for each project, it 
obliges the organization to define comprehensive criteria for project selection and 
prioritization. Pande et al. (2000) summarize the most important categories for project 
selection and prioritization in six sigma as follows: 
Business Benefits Criteria: 
• Impact on meeting external customers 
• Financial impact 
• Impact on core competencies 
Feasibility Criteria: 
• Resources required 
• Complexity  
• Expertise available 
Organizational Impact Criteria: 
• Cross-functional benefits 
• Learning benefits 
The various tools and techniques of six sigma, such as balanced scorecard and Pugh 
concept selection, are useful for project selection and prioritization. 




Another key principle of DFSS that should be conducted during the implementation stage 
is a periodical project review examining the project status. The project reviews are 
scheduled on a regular basis to assure the development team that the objectives have been 
met for each of the project’s milestones. Additionally, a post-launch review is performed 
after the final phase of DFSS to transfer the lessons learned from the project and analyze 
the weak points (Goh, 2002). 
Six sigma requires the involvement of the top organizational level for goal setting, 
problem solving and resource allocation. Continuous support and commitment from 
senior management is considered a critical success factor of this approach. According to 
Gitlow et al. (2006), the dramatic success of six sigma cannot be achieved unless the 
senior executives become engaged and take a leadership role. After an extensive 
literature review, we can list the following procedures related to this aspect of DFSS that 
should be considered during new service development: 
• The use of formal processes in developing new services. 
• The use of project management tools and skills. 
• Conducting a detailed risk analysis for the NSD projects. 
• The use of formal procedures to select NSD projects. 
• The use of periodical reviews. 
• Conducting a post-launch review and documentation after the new service launch. 
• Cultivating top manager’s commitment and support toward NSD. 
 
 




3.2.2   Employee-related Procedures 
 
By using six sigma, organizations can fully utilize the highest level of technical 
knowledge in their projects by teaching people the many tools of quality measurement. 
Likewise, six sigma ensures that everyone involved in the project has an absolute and in-
depth knowledge of the process (Elliott, 2004). In general, six sigma is facilitated by a 
hierarchy of expertise, known as the belt system, which overlies the current 
organizational structure. The belt system consists of black belts and green belts as project 
leaders, champions as project owners and, at the bottom of the pyramid, it incorporates 
all employees in the organization (Does et al., 2003). The belt system hierarchy ensures 
that organizations use experts and qualified personnel in their projects. In a broader 
regard, all employees in the company are involved (Raisinghani et al., 2005). Training is 
a crucial part of six sigma and covers both the qualitative and quantitative tools and 
techniques of the approach. This ensures that managers and employees can implement 
and apply the six sigma tool-kit in a proper and effective manner. Six sigma is a balanced 
approach; leadership and project management practices are as much in focus as statistical 
techniques (Sehwail and De Yong, 2003). 
The six sigma approach highly emphasizes the use of multidisciplinary teams where 
experts from different areas focus on similar problems but from different vantage points. 
Similarly, the selection of the team members and defining their tasks also plays an 
important role in the success of six sigma (Antony and Banuelas, 2002). To conclude, the 
following procedures are parts of the DFSS approach that relate to employee training and 
teamwork: 




• Applying a structured training approach for the employees involved in NSD. 
• The use of qualified employees in process design and optimization for NSD. 
• The use of multifunctional teams. 
• Emphasizing the use of six sigma tools and techniques for process design and 
quality improvement. 
• Cultivating an appropriate communication and coordination among functional 
areas. 
• Conducting a necessary pre-launch preparation and training for impeccable 
service delivery. 
 
3.2.3   Customer-related Procedures 
 
At its core, six sigma is a customer driven approach and satisfying the needs and 
requirements of the customer outweighs all other priorities during the implementation 
phase. Based on the critical needs and expectations expressed by the customers, six sigma 
can improve or design a new process to fulfill these demands (Sehwail and De Yong, 
2003). In contrast to the DMAIC methodology which introduces a reactive approach for 
improving quality and satisfying customers, DFSS proactively looks for inventive ways 
to satisfy and exceed customer requirements by designing products or processes in line 
with their actual needs (Antony and Banuelas, 2002). DFSS provides a systematic 
method to incorporate the most important customer requirements into all related aspects 
of the product or service development process that can be measured, verified and 
optimized (Antony and Banuelas, 2002). In the development process, the first step of 
applying DFSS is to collect the voices of the customers and precisely identify the target 




market. DFSS strives to meet customers’ expectations by identifying the critical to 
quality characteristics (CTQs) and designing the development process in a way that 
satisfies them. The needs of the organization’s customers are constantly emphasized in 
six sigma in terms of the CTQs (Goh, 2002; Antony and Banuelas, 2002). CTQs are the 
key measurable characteristics of a process with exact specification limits and targets that 
have been defined by the customers themselves. The six sigma approach necessitates that 
the development team must define a clear set of CTQs as their targets.  However, since 
service CTQs are highly intangible and behavior oriented, this step is potentially the most 
challenging part of applying six sigma to service industries. 
In order to identify concrete customer requirements, six sigma obliges organizations to 
carry out a detailed formal study of the market as the first step of the development 
process (Gitlow al., 2006). Furthermore, it emphasizes the need for a clear segmentation 
of the targeted market as a response to the customization of the product for different 
segments (El-Haik and Roy, 2005). The use of rigorous tools and techniques, such as 
QFD and Kano analysis, has been highlighted in six sigma for this purpose. 
After identifying the market needs in the 'define' stage, the DFSS team lays its weight on 
designing the service or product in a way that achieves these articulated needs. Moreover, 
in the “verify” stage, the DFSS team should conduct a pre-launch test to identify any 
possible defects or customer dissatisfactions prior to the full-scale launch. At this stage, 
the team attempts to ensure that the new service is in line with the needs of the customers 
and will be delivered seamlessly. In brief, the following are the customer-related 
procedures of the DFSS approach: 




• Conducting a detailed formal study of the market on a regular basis to monitor 
possible changes in customer demands. 
• An emphasis on market segmentation to customize new service. 
• Obtaining a clear set of customer needs and requirements prior to service design. 
• Defining a clear set of critical to quality factors during the development process. 
• Conducting a pre-launch test for NSD before the actual launch. 
• Using reliable tools and methods to clearly capture customer needs and 
requirements. 
 
3.2.4   Business-related Procedures 
 
Six sigma is a business strategy with an emphasis on understanding the customers’ 
requirements and improving the business’s productivity and financial performance 
(Kwak and Anbari, 2006). While other quality approaches do not have such a clear 
financial focus, six sigma is concerned with impacting both the bottom line and the top 
line results of an organization by providing clear metrics for understanding process 
performance and improvement (Gitlow al., 2006). The benefits of six sigma can be 
defined in terms of better operational efficiency, cost effectiveness and higher process 
quality (Sehwail and De Yong, 2003). In other words, the merits of six sigma lay in its 
main objective: reducing the variability of the process which leads to the high scrap rate, 
rework and low productivity (Antony and Banuelas, 2002). Furthermore, in the “define” 
stage where the organization selects and prioritizes its projects, all of the selected projects 
are aligned with the company’s strategic objectives and business goals (Sehwail and De 




Yong, 2003). Conducting a detailed financial analysis prior to the design stage is also 
necessary. One technique for aligning the project objectives with the strategic objectives 
is the DFSS scorecard. This technique provides a clear picture of a company’s strategic 
plan in terms of improving the bottom-line results by using accurate metrics (Antony and 
Banuelas, 2002). 
Implementing six sigma also helps organizations create a culture of visible performance 
measurement (Elliott, 2004). Six sigma necessitates that managers use appropriate and 
measurable performance indicators to evaluate the benefits and the effectiveness of each 
project. Additionally, the outcome of six sigma can be asserted in financial terms which 
give an excellent measure of its impact in the organization (Goh, 2002). In conclusion, 
from a business point of view, we can say that the DFSS approach accentuates the 
following procedures: 
• Aligning NSD projects to the organization’s total strategy. 
• Conducting a detailed financial analysis prior to the design stage. 
• Using appropriate performance measures for evaluating the effectiveness of NSD. 
• Focusing on measurable and quantifiable financial returns of the projects.  
• Defining clear set of key performance indicators to monitor service performance. 









3.2.5   Tools and Techniques 
 
The second section of the framework consists of a set of tools and techniques used in the 
DFSS approach. In order to improve an organization’s processes to the six sigma 
capability level, the approach stresses the application of statistical and problem solving 
tools and techniques in a rigorous and systematic way (Kwak and Anbari, 2006; Antony 
and Banuelas, 2002). By using the DFSS approach quality tools and techniques can be 
integrated in a logical flow, not just a disjointed manner (Goh, 2002). As mentioned 
earlier, there is no single methodology for DFSS; different organizations use different 
DFSS methodologies depending on the type of their business. However, in spite of the 
dissimilarities in the acronyms and number of stages, all of these methodologies use same 
tools and techniques. Table 3.1 shows the tool map for one of the common DFSS 
methodologies (ICOV):   




Identify Conceptualize Optimize Validate 
• Market/Customer research 
• Quality function 
deployment(QFD) 
 
• Kano analysis 
• Multi-generation plan 
• Quality function 
deployment(QFD) 
 
• Measurement system 
analysis (MSA) 
 
• Failure mode effect 
analysis 
 
• Design scorecard 
• TRIZ 
• Axiomatic design 
• Process mapping 
• Process management 
• Pugh concept selection 
• Robust design 
• Process capability analysis 
• Design score card 
• Mistake proofing 
• Simulation tools 
• Statistical techniques(DOE, 
reliability testing, etc) 
 
• Training plan 
• Mistake proofing 
• Process capability modeling 
• Statistical process control 
 
Table 3.1 – DFSS tool map (adapted from El-Haik and Roy, 2005)





As mentioned earlier, the literature on six sigma refers to DFSS as a comprehensive 
managerial approach which consists of several key procedures and techniques.  To 
propose a framework that embraces the key elements of DFSS, we consider the approach 
from two perspectives: (1) infrastructure and (2) tools & techniques. The infrastructure 
section includes the managerial aspects of the DFSS and has been further broken into 
four subcategories: project management procedures, employee-related procedures, 
customer-related procedures and business-related procedures. For each category, we 
introduce a set of procedures that should be performed during NSD. The procedures were 
chosen through extensive literature review on six sigma and design for six sigma. 
Likewise, the second section of the framework consists of a set of tools and techniques 













Chapter 4     Research Methodology  
 
4.1 Introduction 
In the previous chapter we developed a conceptual framework which consists of two 
sections: (1) infrastructure and (2) tools & techniques. The infrastructure is composed of 
the principal procedures that should be conducted while using the DFSS approach in 
NSD. The second part introduces the most common tools and techniques of the DFSS 
approach. In this chapter we first explain the research methodology that has been chosen 
for this study. Next, we elaborate on the structure of the questionnaire, questionnaire 
design, data collection procedure and targeted population. Finally, all of the measures 
used in the questionnaire will be described. 
 
4.2 Research Methodology 
The proposed framework and its constructs are mainly based on a comprehensive 
literature review of six sigma and service development. Edmondson and McManus 
(2007) suggest that the theory in the management research area falls along a continuum 
from nascent to mature theory, depending on the research questions, the constructs and 
the measures of the theory. The nascent theory largely contains new constructs and 
includes open-ended questions about a phenomenon and, at the other end of the 
continuum, the mature theory focuses on the specific aspects of an existing phenomenon 
and examines a theory in a new setting and with new boundaries. Qualitative approaches, 
such as case studies and interviews, are more appropriate for the nascent theory while 




quantitative data collections, such as questionnaires, are more common in the mature 
theory. Since our study investigates the impact of the developed concepts and constructs, 
which were mostly discussed and introduced in the literature, in new boundaries, it falls 
into the mature theory category. Therefore the most fitting research methodology is a 
quantitative data collection and a questionnaire survey was selected as our research 
methodology. 
 
4.3 Questionnaire Design 
4.3.1  The Structure of the Questionnaire 
 
The questionnaire is intended to investigate the impact of the discussed framework on 
service organizations and consists of four parts (refer to Appendix A). The first part of 
the survey intends to obtain general information from the targeted sample, such as the 
area of the service organization (banking, healthcare, insurance, etc.) and the size of the 
company. In the first section, the respondents were asked whether their company is 
engaged in any new service development activities or not. If the answer was “yes”, they 
were asked to proceed to the next sections. Otherwise, they were thanked for their 
cooperation in the study and were asked to fill in the last section relating to general 
information like their name, position, name of the company, mailing address, phone/fax 
and e-mail. In order to make the survey more attractive and to share the findings, 
respondents were able to express their interest in receiving a summary of the results by 
ticking a box. In section two, respondents were asked to identify the performance of the 
new services offered by their company according to a multidimensional measure. The 




measure included 10 performance dimensions varying from financial metrics (such as 
profitability and market share) to customer relationship metrics (such as enhancing 
loyalty). Respondents were asked to assess the success of their new services by using a 1-
5 Likert scale ranging from “totally unsuccessful” to “totally successful” for each 
performance indicator. In addition, the survey required the respondents to focus on the 
most recent services introduced to the market. The third section of the survey consisted of 
DFSS procedures that were mentioned in the conceptual model. This section investigated 
how frequently these procedures were used in the organizations’ development process 
using a Likert scale from “1” (“Never”) to “5” (“Frequently”). This part included 29 
attitudinal statements related to the framework discussed in the previous chapter. The 
final part of the survey described the most common tools and techniques of DFSS and 
investigated the frequency of their usage in the NSD process by the same Likert scale that 
was used in the third section. 
In order to brief the respondents about the purpose of the study and to emphasize its 
importance, a cover letter with a short explanation of the objectives of the research was 
attached to the questionnaire. In addition, an appendix with a summarized definition of 
DFSS tools and techniques was designed and included with the questionnaire to brief the 
respondents about the tools and their purposes in NSD. 
4.3.2   Questionnaire Design 
 
In order to make the survey straightforward and less time consuming for the respondents, 
all of the questions in this survey were close-ended, which is assumed to achieve a higher 
response rate than open-ended questions (De Vaus, 1996). Close-ended questions are also 




more effective for research that focuses on the specific aspects of an issue rather than 
general feelings. Hence, close-ended questions are the best choice for our study.  
Following De Vaus (1996), we considered question content, question wording and 
question layout when designing this survey. The question content was designed to 
investigate the common procedures used by organizations while they are developing new 
services. In order to increase the accuracy and reliability of the responses, respondents 
were not asked any individual information and the personal profile was optional. 
Regarding the question wording, we attempted to design each question to be as simple 
and concise as possible and eliminated any double-barreled or leading questions. In terms 
of the questionnaire layout, we tried to design it in a way that encouraged the respondents 
to participate in this survey, and chose a template emphasizing its importance. 
 
4.4 Measures 
The main purpose of this study is to identify the commonality of using the DFSS 
approach in service-based organizations and to investigate its impact on the success of 
NSD projects. As a result, our framework consists of one dependent variable and five 









Dependent Variables NSDPERF NSD Performance 
PROJMAN Project management procedures 
EMPLPROC Employee-related procedures  
CUSTPROC Customer-related procedures  
BUSIPROC Business-related procedures  
Independent Variables 
TOLTECH Tools and techniques 
 
Table 4.1- Variables in the framework 
4.4.1 Dependent Variable  
There is one dependent variable in this research: NSD Performance. 
4.4.1.1    NSD Performance  
NSD performance is the only dependent variable in this research and respondents were 
asked to score their new service development performance on a multidimensional 
measure. This measure included the most vital dimensions of service performance, 
varying from financial metrics (profitability and market share) to customer relationship 
metrics (enhancing loyalty). The performance dimensions were selected through an 
extensive literature review of similar studies conducted in service areas. Following 
Cooper et al. (1987, 1994), De Brentani (1991, 2001) and Ottenbacher et al. (2006), ten 
performance indicators for new service development were chosen as follow: 
• Exceeding the total sales objectives 




• Exceeding the market share objectives 
• Being profitable for the company 
• Having a strong long-term performance 
• Improving the loyalty of existing customers 
• Having a positive impact on the company’s image 
• Enhancing the profitability of other products of the company 
• Having a positive impact for the company to open up new markets 
• Having a significant impact for the company in attracting new customers 
• Giving the company an important competitive advantage 
As mentioned before, the performance indicators focused on major aspects of NSD 
performance such as financial performance, customer relationship performance and 
market development. Respondents were asked to assess the success of their new services 
by using a 1-5 Likert scale ranging from “totally unsuccessful” to “totally successful” for 
each performance indicator. The overall performance of the new service was calculated 
by the aggregate mean score of the 10 performance indicators. The figure below shows 







1 2 3 4 5 
Figure 4.1 – Likert scale in this section 
 
 




4.4.2     Independent Variables 
 
For this study the independent variables are the DFSS procedures and techniques which 
may affect the NSD performance. As mentioned in the previous chapter, we divided the 
approach into two main sections: (1) infrastructure and (2) tools & techniques. The 
infrastructure section explains the principal procedures of DFSS that should be carried 
out during its implementation for NSD. It mainly discusses the managerial aspects of the 
approach and is subdivided into four sections: project management procedures, 
employee-related procedures, customer-related procedures and business-related 
procedures. For each section, respondents were asked to identify how often the relevant 
procedures were used during their company's development process on a 1-5 Likert scale. 
The following figure shows the Likert scale used for this section: 
Never Seldom Sometimes Often Frequently 
1 2 3 4 5 
Figure 4.2 -Likert scale in this section 
4.4.2.1   Project Management Procedures 
As discussed earlier, six sigma uses a project-driven approach (Kwak and Anbari, 2006) 
with a step by step methodology for quality improvement and business excellence (Goh, 
2002).  Compared to other quality approaches, the structure and project rigor of six sigma 
is very clearly defined (Catherwood, 2002). For every project six sigma underlines a clear 
project definition with concrete objectives and a precise project prioritization and 
selection (Does et al., 2006). Moreover, it highlights the importance of involvement and 
commitment from the top management in order to deliver the product or service 




efficiently and timely (Antony and Banuelas, 2002). Other core activities in the six sigma 
approach include conducting periodical reviews to examine the project status and having 
a post-launch review to understand the weak points (Goh, 2002). Accordingly, the project 
management aspect was introduced in the survey by using the following statements: 
Q1: We follow a formal process with defined stages in our projects through planning, 
developing and launching. 
Q2: We conduct a formal procedure to evaluate and select projects. 
Q3: Top managers have a long term commitment to developing new service. 
Q4: Senior managements show strong and visible support behind the project. 
Q5: We conduct a periodical reporting system during our developing process to evaluate 
the status of the project. 
Q6: We conduct a detailed risk analysis for the projects during the planning phase. 
Q7: We conduct a post launch review and documentation of the projects after launching a 
new service. 









4.4.2.2 Employee-related Procedures 
Six sigma hierarchy (master black belts, black belts, green belts, etc) deploys qualified 
experts in different levels of the organization to ensure the appropriate use of tools and 
techniques in the projects (Elliott, 2004). The training involves everyone in the 
organization and ensures that all the personnel involved in NSD are sufficiently familiar 
with the six sigma philosophy and methodology (Raisinghani et al., 2005). The six sigma 
approach also emphasizes the use of multidisciplinary teams where experts from different 
areas focus on similar problems from different perspectives. The selection of the team 
members, defining their roles and ensuring good communication and cooperation 
between the functional areas play an important role in the success of DFSS (Antony and 
Banuelas, 2002). Consequently, the employee-related procedures of DFSS were 
introduced in the survey by the following statements: 
Q9: The organization applies a structured training approach for employees who are 
involved in NSD. 
Q10: Employees involved in NSD are qualified in process design and optimization. 
Q11: We use a multifunctional team in our developing process. 
Q12: The NSD team is well-qualified in using six sigma tools and techniques for process 
design and quality improvement. 
Q13: Functional areas have good communication and coordination when developing new 
services. 




Q14: The firm employs intense training of the customer contact personnel prior to the 
service launch to ensure a proper delivery process. 
Q15: The company spends a noticeable amount of money on training the employees who 
are responsible in NSD. 
 
4.4.2.3 Customer-related Procedures 
In six sigma, customer needs and demands are emphasized constantly in terms of the 
CTQs (Goh, 2002). In the “define” and “measure” stages of the approach, six sigma 
identifies the critical factors of the new service that play an important role in fulfilling the 
customers’ satisfaction. During the development process the DFSS team tries to consider 
all of the defined CTQs and, in order to meet their customers’ expectations, the team then 
designs the service in a way that meets these CTQs (Sehwail and De Yong, 2003; Antony 
and Banuelas, 2002). Moreover, DFSS takes proactive methods rather than reactive ones 
to identify the customers’ requirements. By using reliable tools and techniques, DFSS 
team captures the exact voice of the customers and their demands. Furthermore, to satisfy 
the whole market, DFSS puts an emphasis on segmenting the targeted market to 
customize the service for each group. In brief, the following procedures were described in 
the survey as the customer-related procedures of the DFSS approach: 
Q16: The firm carries out a detailed formal study of the market on a regular basis to 
monitor possible changes in customer demand. 




Q17: The firm conducts a clear segmentation of the targeted market to customize the new 
offer. 
Q18: The firm obtains a clear set of customer needs and requirements prior to service 
design. 
Q19: The customer needs and inputs are carefully documented and noticed during NSD. 
Q20: The development team defines a clear set of critical to quality factors during the 
development process. 
Q21: The development team conducts a pre-launch test for NSD to ensure the success of 
the project before the actual launch. 
Q22: The development team uses reliable tools and methods to capture the voice of the 
customer. 
 
4.4.2.4   Business-related Procedures 
Six sigma is a business strategy that focuses on understanding the customers’ 
requirements, improving the business systems and enhancing both productivity and 
financial performance (Kwak and Anbari, 2006). It aligns projects with the company’s 
strategic objectives and business goals (Sehwail and De Yong, 2003) and creates a 
culture of visible performance measurement (Elliott, 2004).  As mentioned in the 
previous chapter, the DFSS scorecard is one of the common tools for aligning project 
objectives with strategic objectives. It provides a clear picture of the company’s strategic 




plan in terms of improving the bottom-line results with the use of accurate metrics 
(Antony and Banuelas, 2002).  Furthermore, the outcome of six sigma must be asserted in 
financial terms which give an excellent measure of the impact of the project in the 
organization (Goh, 2002). From business point of view, we identify the following 
procedures for this part of the survey: 
Q23: The firm selects those NSD projects which are aligned to its total strategy. 
Q24: A detailed financial analysis precedes the design stage.  
Q25: The company uses appropriate performance measures to evaluate the effectiveness 
of the developing process. 
Q26: Every project has to contribute positively to the company’s bottom line. 
Q27: For each project, the firm focuses on measurable and quantifiable financial returns 
to the bottom line of an organization. 
Q28: The development team defines clear sets of key performance indicators to monitor 
service performance. 
Q29: We use management tools such as balanced scorecard to align project objectives 
with strategic objectives. 
 
4.4.2.5      Tools and Techniques 
As stated earlier, one of the objectives of this survey is to investigate the commonality of 
DFSS tools and techniques among different service organizations. Therefore, in the last 




section of the survey we listed the best known techniques and tools of the DFSS approach 
and asked the respondents to indicate the frequency of use for each tool during the 
development process. The same Likert scale from the previous section was used.  The list 
of tools and techniques is available in Appendix (A). 
 
4.5   Targeted Population 
This research aims to investigate the commonality of DFSS procedures and techniques 
among service based organizations. The targeted population was selected from three main 
recent sources: the Singapore 1000 list, the Singapore economic development board and 
The Green Book (2007/2008). These sources include general information about the 
companies such as their address, contact information and the nature of their business.  
When selecting our samples we mostly focused on the following service industries: 
banking, insurance, consultancy, hospitality/hotels, healthcare, employment agencies, 
information technology, transports and utilities. In total, 550 service companies were 
chosen from the lists. For the purposes of our research, we focused on managers in the 
business development or the marketing department of the company. For some companies 
we were able to obtain the name of the respondent from the lists but, for others, we found 
the name of the person in charge of the relevant department via the company website. For 
those which we could not find the desired person, we sent the survey to the human 
resource manager and asked him or her to pass the survey on to the person in charge of 
new service development. 




4.6 Survey Implementation 
Using data from the targeted organizations, we aim to explore the commonality of using 
DFSS procedures and techniques in service based firms and to investigate its impact on 
the success of NSD projects. 
After selecting the final list, we mailed each company a package containing a cover letter 
on the university letterhead explaining the main objectives of our study, a questionnaire, 
a one page definition of the tools and techniques and one pre-paid envelope. There were 
no incentives for respondents to fill in the questionnaire. However, if they were 























This chapter will focus on the results and the findings of the survey that was conducted in 
Singapore. First, the general results will be presented including a preliminary analysis of 
the data such as response rate, industry classification and the respondent’s position. 
Furthermore, the main objectives of this study will be investigated by using a statistical 
approach to explore the current commonality of the DFSS approach in service industries 
and its impact on new service development. 
 
5.2 Preliminary Analysis 
To show the characteristics and properties of the collected data, a preliminary data 
analysis of the response rate, industry classification and the respondent’s position was 
performed. This section summarizes the information from the preliminary data analysis 
through descriptive methods.  
 
5.2.1 Number of Responses 
 
Out of the 550 companies on our mailing list, 88 surveys were completed and returned 
and 49 were undelivered due to a change in their address or the absence of the mentioned 




contact person.  Two companies refused to participate in the study due to their policy 
commitments.  
The overall response rate was 16% which is acceptable for this kind of survey. Of the 
companies we questioned, 31 replied with no engagement in NSD and 1 company sent us 
an incomplete survey. The usable number of completed questionnaires dropped to 56. 
The summarized information is shown in Table 5.1. 
Status Number Response rate (out of all companies) 
Total sent 550 - 
Undelivered 49 8.90 % 
Refused invitation 2 0.36 % 
Returned (all) 88 16.00 % 
Returned (without NSD) 31 5.63% 
Returned(with NSD) 57 10.36 % 
Returned (incomplete) 1 0.18% 
Returned (usable) 56 10.18% 
Table 5.1- Summarized outcome of questionnaire distribution 
5.2.2 Job Title of Respondents 
 
In accordance with our research purposes, we targeted the managerial staff in the 
business development or marketing department. For those companies that we obtained 
the name of the correct person from the list, we sent the questionnaire directly to the 
targeted person. For those companies that we could not find the name of the targeted 
person, we sent the survey to the human resource manager and ask him/her to pass the 




survey on to the person in charge of new service development. Table 5.2 presents a brief 
profile of the respondents. 
 
Job Title Frequency Percentage 
Director 18 32.14% 
Managing director 11 19.64% 
Marketing director 3 5.35% 
Quality manager 6 10.71% 
Not specified 18 32.14% 
Table 5.2- Job title of respondents 
5.2.3 Service Area Classification 
 
To better generalize the results of our study, we focused on a broad range of service 
industries including financial services, healthcare and telecommunications.  Figure 5.1 
shows the variety of service industries among our respondents. The education and 
information technology areas rank first and each one comprises 15% of the respondent 
companies. 





Figure 5.1 -Service area classification of the respondent companies 
 
5.3 Testing of the Survey Instrument 
5.3.1 Construct Reliability 
 
Reliability indicates the consistency and accuracy of the collected data and whether 
repeated trials will yield the same results. Forza (2002) summarizes the four most 
common methods for estimating the reliability of survey research in operation 
management: 
• Test-retest method 
• Alternative form method 
• Split halves method 




• Internal consistency method 
For our research, we chose the internal consistency method and the Cronbach coefficient 
alpha test as the most used reliability indicator for operation management survey 
research. The commonly accepted range for alpha is stated as alpha > 0.6, while measures 
with alpha > 0.8 are very reliable (Forza, 2002). 
Table 5.3 shows the reliability coefficients of the framework constructs. All of the alpha 
reliability coefficients are higher than 0.8. Therefore, we can conclude that all of the 
proposed constructs are reliable in the framework. 
 Variable Number of items Cronbach’s Alpha 
1 PROJMAN  8 0.891 
2 EMPLPROC 7 0.873 
3 CUSTPROC 7 0.893 
4 BUSIPROC 7 0.902 
Table 5.3-Cronbach’s alpha reliability coefficient 
5.3.2 Construct Validity 
 
Construct validity examines whether the set of items constituting a measure of the survey 
correspond to the expected aspects of the conceptual framework. In other words, it 
ensures that the measure does not contain items irrelevant to the theoretical framework. 
In order to check the construct validity we need to focus on convergent validity and 
discriminant validity. Convergent validity evaluates the correlation between all items of 
the same construct with each other in order to examine whether items of the measure are 




relevant to each other or not. While convergent validity tests the consistency between 
items of the same construct, discriminant validity searches for separations across 
measures of different constructs in order to examine whether the dissimilar constructs of 
the framework are related to each other. Whereas conducting measures of convergent 
validity is well established for research in operation management, examining the 
discriminant validity is not commonly practiced in this field (Forza, 2002). 
 
5.3.2.1 Convergent Validity 
In order to assess the convergent validity of the survey we performed a factor analysis. 
Factor analysis is the most common test used in the previous studies. An exploratory 
factor analysis is done using a Principal Components Analysis (PCA). The cut-off value 
of the communality is taken as 0.5. Tables 5.4 to 5.7 show the component matrices for 










































Table 5.6- CUSTPROC construct 
 
 Component 








Table 5.7- BUSIPROC construct 
 
 Component 








Table 5.5 - EMPLPROC construct 




The communality tables for the constructs show that each item explains a substantial 
percentage of the variance of the construct (Table 5.8 to table 5.11). Most figures are 


















 Initial Extraction 
Q9 1 0.768 
Q10 1 0.723 
Q11 1 0.584 
Q12 1 0.575 
Q13 1 0.573 
Q14 1 0.559 
Q15 1 0.671 
     Table 5.9 -Communalities for EMPLPROC 
 
 
 Initial Extraction 
Q1 1 0.858 
Q2 1 0.698 
Q3 1 0.915 
Q4 1 0.897 
Q5 1 0.759 
Q6 1 0.742 
Q7 1 0.797 
Q8 1 0.704 
        Table 5.8 -Communalities for PROJMAN 












5.4 Results  
As mentioned in the previous chapter, the first section of the survey measures NSD 
performance according to the 10 performance dimensions by using a 1-5 Likert scale for 
each performance indicator. The overall performance indicator for NSD was calculated as 
the aggregate mean score of the measures. In order to investigate the impact of the DFSS 
approach on new service development, for each construct we contrasted the top two 
performers in NSD with the bottom two with regard to their overall performance 
indicator. The survey results also show the commonality of using DFSS tools and 
techniques in service based firms.  
 
 
 Initial Extraction 
Q23 1 0.736 
Q24 1 0.754 
Q25 1 0.739 
Q26 1 0.581 
Q27 1 0.514 
Q28 1 0.680 
Q29 1 0.561 
Table 5.11 -Communalities for BUSIPROC 
 
 Initial Extraction 
Q16 1 0.489 
Q17 1 0.659 
Q18 1 0.843 
Q19 1 0.601 
Q20 1 0.761 
Q21 1 0.548 
Q22 1 0.628 
Table 5.10 -Communalities for CUSTPROC  






5.4.1.1 Project Management Procedures 
Our results show that the most common procedures in new service development among 
all respondents are Q3, Q4 and Q5 (Figure 5.2). Top management commitment to NSD, 
which has been repeatedly mentioned in the past literature as one of the vital success 
factors for service development, received the highest scores of all DFSS procedures in 
this section. Further review illustrates that service companies commonly follow a formal 
approach with defined stages in the development process and regularly conduct 
periodical reporting for the project status evaluation. Although previous studies have 
shown that using a formal methodology in NSD was not commonly practiced by service 
based firms (Kelly and Storey, 2000), our study shows that service organizations have 
turned their focus to the benefits of using formal methodologies for NSD. On the other 
hand, the least practiced procedures among the respondents were using project 
management tools and techniques and conducting a detailed risk analysis for NSD. While 
six sigma rigorously emphasizes the use of project management tools and techniques, the 
results show that service firms do not use these skills as frequently as they should. 
Furthermore, according to our findings, we can conclude that conducting a detailed risk 
analysis is not a common practice among the respondents.  
For the purpose of investigating the impact of using six sigma procedures in NSD, we 
compared the top two performers in NSD with the bottom two with regard to their overall 
performance indicator. The results are illustrated in Table 5.12. Nearly all of the 




procedures in this section have a higher mean in the top two performers and six out of 
eight procedures were statistically significant at the 5% level. 
Mean  Project management procedures 
Top two Bottom two 
P-Value 
Q1 We follow a formal process with defined stages in our 
projects through planning, developing and launching. 
 
4.17 3.17 0.0015 
Q2 We conduct a formal procedure to evaluate and select 
projects. 
 
4.13 2.86 0.0001 
Q3 Top managers have a long term commitment to 
developing a new service. 
4.08 3.78 0.2307 
Q4 Senior managements show strong and visible support 
behind the project. 
 
4.39 3.69 0.0038 
Q5 We conduct a periodical reporting system during our 
developing process to evaluate the status of the 
project. 
 
4.34 3.26 0.0002 
Q6 We conduct a detailed risk analysis for the projects 
during the planning phase. 
 
3.56 2.95 0.0656 
Q7 We conduct a post launch review and documentation 
of the projects after launching a new service. 
 
4.08 2.91 0.0007 
Q8 We use project management tools & skills for time 
and resource management in the developing process. 
3.82 3.08 0.0091 
 Cronbach alpha: 0.891   *(T-test) 
Table 5.12 -Results for section 1 






5.4.1.2 Employee-related Procedures 
According to the survey outcome for this section, the most common procedures are Q13, 
Q10 and Q11 (Figure 5.3). The results suggest that service companies are very heedful of 
involving competent and qualified experts in their NSD. Furthermore, deploying 
multifunctional teams in the development process has become quite common in service 
organizations. By referring to the results we can see that communication barriers among 
different functional groups appear to be negligible. The findings for the multifunctional 
teams are quite intriguing due to their contrast with recent similar studies. As a case in 
point, Vermeulen (2001) mentions that service companies seldom pay adequate attention 
to the benefits of using multifunctional teams. Hence, it is assumed that this is not 
commonly practiced during NSD. However, with these new findings we can claim that 









   Never            Seldom         Sometimes             Often           Frequently 
Figure 5.2- Frequency of the application of Project management procedures 




service organizations have started to focus on using cross-functional teams and their 
advantages for NSD. 
On the other end of continuum, we have interestingly observed that the three least 
practiced procedures are related to training policies in service organizations. Although the 
respondents replied positively to involving well-qualified employees in service design, 
the results show that they rarely have a structured training approach for the employees 
responsible in NSD. Likewise, the respondents stated that their organization seldom 
invests in the training procedures related to NSD. In conclusion, the results shed light on 
the insufficient investment and lack of support given to training strategies.  
In brief, the results of the survey show that the top two performers have a higher mean in 
nearly all of the procedures for this section and that six out of the seven procedures are 













Mean  Employee-related procedures 
 Top two Bottom two 
P-Value 
Q9 The organization applies a structured training 
approach for employees who are involved in NSD. 
 
3.82 2.86 0.0017 
Q10 Employees involved in NSD are qualified in process 
design and optimization. 
 
4.04 3.26 0.0016 
Q11 We use a multifunctional team in our developing 
process. 
 
4.00 3.13 0.0023 
Q12 The NSD team is well-qualified in using six sigma 
tools and techniques for process design and quality 
improvement. 
 
3.78 3.21 0.0092 
Q13 Functional areas have good communication and 
coordination when developing new services. 
 
3.91 3.43 0.0386 
Q14 The firm employs intense training of the customer 
contact personnel prior to the service launch to 
ensure a proper delivery process. 
3.43 2.73 0.0389 
Q15 The company spends a noticeable amount of money 
on training the employees who are responsible in 
NSD. 
3.52 3.00 0.0828 
 Cronbach alpha: 0.873   *(T-test) 
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Figure 5.3- Frequency of the application of Employee-related procedures 




5.4.1.3 Customer-related Procedures 
This section of the survey was aimed to speculate the marketing facets of NSD: to what 
degree do service companies attempt to articulate their customer’s requirements and what 
kind of methods they usually use to achieve this. Of the seven procedures, five were 
found to be significantly related to the top two performers. The most practiced procedures 
among all companies were Q17, Q20 and Q16 (Figure 5.4). The findings suggest that 
service companies must be aware of market competition and the ever-changing demands 
of customers. The target market should be closely monitored to identify the likely 
changes as early as possible. Moreover, companies frequently segment their market and 
customize their offers for different segments in order to fully satisfy their customers. On 
the other hand, the results indicate a grave inadequacy in the use of tools and techniques 
for articulating customer needs and requirements (Q22 is the least scored procedure). 
This finding sheds light on the lack of a systematic approach toward capturing customers’ 
voices during market studies. While six sigma methodologies highly emphasize the use 
of rigorous techniques to accurately articulate the voice of the customers, there is little 
evidence to show that this is happening in service firms. Aside from the inadequacy of 
the market studies, most service firms do not generally conduct a pre-launch test and still 
seem to be lacking in activities such as testing and market pre-launch. Service firms 
should be aware that the findings of other researchers indicate that having a pre-launch 
test can greatly increase the chance of new service success (Vermeulen, 2001; Johne and 
Storey, 1998). The pre-launch test is one of the key principles of six sigma and is mostly 
conducted during the “validate” stage to ensure that the service will be delivered 
impeccably. 




In summary, the findings of this section reveal that the means for all of the procedures are 
higher for the top two performers and that five out of the seven procedures are 
significantly different at the 5% level (Table 5.14). 
 
Mean  Customer-related procedures 
Top two Bottom two 
P-Value 
Q16 The firm carries out a detailed formal study of the 
market on a regular basis to monitor possible changes 
in customer demand. 
 
3.43 3.21 0.4726 
Q17 The firm conducts a clear segmentation of the 
targeted market to customize the new offer. 
 
3.82 3.17 0.0296 
Q18 The firm obtains a clear set of customer needs and 
requirements prior to service design. 
3.56 2.78 0.0106 
Q19 The customer needs and inputs are carefully 
documented and noticed during NSD. 
 
3.47 2.52 0.0017 
Q20 The development team defines a clear set of critical 
to quality factors during the development process. 
 
3.69 3.04 0.0395 
Q21 The development team conducts a pre-launch test for 
NSD to ensure the success of the project before the 
actual launch. 
 
3.30 2.69 0.0834 
Q22 The development team uses reliable tools and 
methods to capture the voice of the customer. 
3.30 2.47 0.0021 
 Cronbach alpha: 0.893   *(T-test) 
Table 5.14 - Results for section 3 






5.4.1.4 Business-related Procedures 
Owing to the fact that both groups (the top two performers and the bottom two) set their 
highest scores for business-related activities, the results of this section are quite 
intriguing.  Overall, almost all of the companies have laid the center of their attention on 
procedures that are primarily related to the financial aspects of NSD. The projects that 
they focus on should contribute positively to the financial benefits and should be aligned 
to their total strategy. However, what has distinguished the top two performers from the 
bottom two is the approach and techniques they have taken toward aligning their projects 
with their strategies. A review of Figure 5.5 and Table 5.15 shows that the top two 
performers have taken a more systematic approach toward using managerial tools and 
techniques, such as balanced scorecard, in their organizations. 
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Figure 5.4- Frequency of the application of Customer-related procedures




In conclusion, six of the seven procedures were found to be significantly different (at the 
5% level) between the top two performers and the bottom two.   
 
Mean  Business-related procedures 
 Top two Bottom two 
P-Value 
Q23 The firm selects those NSD projects which are 
aligned to its total strategy. 
 
4.39 3.34 0.0003 
Q24 A detailed financial analysis precedes the design 
stage.  
 
3.91 3.21 0.0254 
Q25 The company uses appropriate performance measures 
to evaluate the effectiveness of the developing 
process. 
3.95 3.13 0.0032 
Q26 Every project has to contribute positively to the 
company’s bottom line. 
 
4.17 3.26 0.0016 
Q27 For each project, the firm focuses on measurable and 
quantifiable financial returns to the bottom line of an 
organization. 
 
4.08 3.56 0.0820 
Q28 The development team defines clear sets of key 
performance indicators to monitor service 
performance. 
 
4.21 3.04 0.0001 
Q29 We use management tools such as balanced scorecard 
to align project objectives with strategic objectives. 
4.08 2.82 0.0003 
 Cronbach alpha: 0.902   *(T-test) 
Table 5.15 - Results for section 4 







5.4.2 Review of Tools and Techniques 
 
The results of the survey reveal that benchmarking is the most practiced technique that 
companies use in their new service development while the least practiced one is TRIZ. 
Further examination of the results shows that the typical statistical techniques in six 
sigma such as DOE, process capability analysis and simulation techniques are not 
frequently practiced. The findings support the common attitude that the quantitative 
techniques of six sigma are infrequently used in the service industries (Does et al., 2003). 
On the other hand, companies are using the qualitative techniques of the approach more 
regularly. The questionnaire indicates that tools and techniques such as benchmarking, 
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Figure 5.5 - Frequency of the application of Business-related procedures 




process mapping, Kano analysis and FMEA receive higher scores. Besides, QFD plays a 
great role in connecting customer needs with the development process by providing a 
clear view of customer needs and requirements. Despite its importance, the findings 
indicate that QFD is not as commonly practiced by service firms as it should be (Figure 
5.6 and Figure 5.7). 
 





Figure 5.6 - Results for tools and techniques 







5.5 Discussion of Research Findings for Infrastructure Section 
5.5.1 Project Management Procedures 
 
Q1: Based on the overall performance indicator, the results indicate that those companies 
that follow a formal process in NSD have reaped more benefits. The findings are in 
accordance with previous service studies which showed that companies that use formal 
procedures in NSD are more likely to be successful (De Brentani, 1995; Johne and 
Storey, 1998). NSD process formalization impacts both the speed and the effectiveness of 
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Figure 5.7 - Frequency of the application of DFSS tools and techniques




NSD efforts. It can also help organizations to manage their resources more efficiently and 
launch their new services in a timely manner (Menor et al., 2002). For this reason, DFSS 
can be beneficial for service companies because it deploys a structured approach toward 
service development. 
Q2: There is a huge gap for this procedure between the two groups (the top two 
performers and the bottom two). The results show that the top two performers 
emphasized this procedure while the bottom two mostly skipped this stage of NSD. Kelly 
and Storey (2000) point out that service firms who apply formal screening procedures 
when evaluating and choosing their projects have a better performance compared to those 
that ignore this stage. Nevertheless, most service based organizations do not apply a 
systematic and comprehensive decision making approach toward project selection, and 
many focus only on the financial aspects while completely overlooking the intangible 
benefits (Menor et al., 2002). As mentioned earlier in Chapter 4, the DFSS methodology 
obliges organizations to follow formal procedures to screen and evaluate projects and it 
defines a comprehensive criteria for project selection including both tangible and 
intangible factors. Various DFSS tools and techniques, such as balanced scorecard and 
Pugh concept analysis, could be applied in this stage. 
Q3, Q4: Six sigma drives top management commitment into focus as a key success factor 
in the organizational level (Raisinghani et al., 2005). Likewise, the results confirm the 
importance of a supportive and committed management standing behind NSD in 
successful projects. As illustrated in Table 5.12, Q3 and Q4 have higher means among 
the top two performers and Q4 is statistically significant at the 5% level. 




Q5: Another key principal of six sigma embedded in its approach to project management 
is conducting a periodical review during new service development to examine the project 
status (Goh, 2002). Studies on new service development claim that most service 
companies do not heed the importance of having a periodical reporting system when 
developing new offers. However, this could deeply improve both the effectiveness and 
the efficiency of the NSD (Stevens and Dimitriadis, 2005; Edvardsson et al., 1995). 
Edgett (1994) suggests that successful NSD projects make better use of continual project 
reviews.  Project reviews help organizations determine whether the project is achieving 
its objectives and show the project's progress on a routine schedule. Likewise, the 
descriptive results of the survey show that service firms who use periodical reporting 
more frequently have higher performance indicators. The difference between the two 
groups (the top two performers and the bottom two) is statistically significant in this 
procedure at the 5% level. 
Q6: As shown earlier (Figure 5.2), a detailed risk analysis is not a common practice in 
service organizations. However, the findings show that performing a detailed risk 
analysis for the selected projects during the early phases provides firms with better 
performance results. Although the difference is not significant at the 5% level, the mean 
between the top two and the bottom two performers is notably different. Six sigma 
methodology applies diverse techniques for analyzing and identifying the risk elements 
of the process or service, and techniques such as FMEA are frequently practiced in order 
to identify and reduce the risk of failure (El-Haik and Roy, 2005). Furthermore, having a 
risk management program enables service organizations to minimize their expenses and 




operate the process more effectively. Risk management can help managers focus their 
attention on the possible risks and the ways to avoid them (Hollman and Forrest, 1991). 
Q7: A post launch review is performed during the final stage of DFSS to document and 
transfer the lessons learned from the project and to understand its weak points (Goh, 
2002). Edgett (1994) suggests that service organizations do not generally take into 
account a post launch review during their NSD and, in result, they often encounter similar 
barriers and failures in their projects. A quick glance at the results shows the positive 
impact of conducting a post launch review in service firms, as the overall mean of this 
procedure is noticeably higher in the top two performers with a significant difference at 
the 5% level. 
Q8: The last question in this section attempted to verify the impact of using project 
management skills during new service development. Accordingly, the difference between 
the two groups (the top two performers and the bottom two) is statistically significant at 
the 5% level and those respondents who frequently used project management skills 
performed better.   
 
5.5.2 Employee-related Procedures 
 
Q9:  Formal training is an inseparable part of the six sigma methodology. It covers both 
qualitative and quantitative aspects and ensures that managers and employees apply and 
implement the diverse skills and techniques of the approach effectively (Kwak and 
Anbari, 2006). In reviewing the results, we can see the impact of having a defined 
training strategy for employees on the performance of NSD. The top two performers 




regularly applied a structured training approach for the employees responsible in NSD, 
while the mean for the bottom two performers is significantly lower.  
Q10: De Brentani (1991), in his research on identifying the success factors for developing 
new business services, mentions that skilled personnel play a critical role in the success 
of new service offers. Similarly, the findings of the survey substantiate that service 
companies with qualified employees are more likely to achieve better outcomes. 
Indicating the importance of using skilled staff in process design, the top two performers 
had the highest means for this procedure.  In line with six sigma strategy, all personnel 
involved in NSD should have in-depth knowledge of the process (Elliott, 2004) and the 
belt hierarchy ensures that the project owner deploys proficient experts in NSD (Does et 
al., 2006). The belt system, including black belts and green belts as project leaders and 
champions as project owners, leads organizations to implement their projects more 
successfully. 
Q11: There is a strong indication that using a cross-functional team has tangible benefits 
on NSD performance. According to the research results, the mean difference between the 
two groups is strongly significant which underlines the importance of the multifunctional 
team. As mentioned in the previous chapter, six sigma lays emphasis on using 
multidisciplinary teams where experts from different areas focus on similar problems but 
from different vantage points. A crossfunctional team acts as an important factor in 
facilitating the process design. Furthermore, it helps organizations solve the problems 
that could appear during the later stages as early as possible (Sehwail and De Yong, 
2003). 




Q12: Closely related to Q10, Q12 speculates whether personnel involved in NSD have 
sufficient knowledge of six sigma tools and techniques and whether this has a tangible 
impact on NSD performance. The message from our results is clear: respondents with 
higher performance indicators have a higher mean for this procedure and the difference 
between the two groups (the top two performers and the bottom two) is significant at the 
5% level. 
Q13: The findings for this question indicate that a high level of coordination exists 
between the functional areas for both groups, but that the mean is significantly higher in 
the top two performers. Six sigma facilitates inter-functional and intra-functional 
coordination through various communication techniques which create a cooperative 
environment and foster creativity (Holtz and Campbell, 2004). 
Q14: With regard to the heterogeneity of services, front line employees play an important 
role in delivering a new offer to the final customer. Hence, the success of the new service 
hugely depends on training the customer contact personnel. Extensive preparation of the 
front line personnel appears to be fundamental to the success of a new service (Cooper et 
al., 1994). The results of the survey show that respondents who rigorously train their 
customer contact personnel are more likely to be successful in launching their offers. 
However, the mean for both groups (the top two performers and the bottom two) is 
relatively low which indicates that service providers are not as actively involved in 
training as they should. This area is where a great deal of the shortcomings of service 
firms reside. By using the six sigma approach organizations are required to employ 
intense training for their customer contact personnel. Mostly during the “validate” stage, 
the six sigma team should apply the training that is required for front line personnel and 




take the necessary steps to ensure perfect service delivery before the service is fully 
launched (El-Haik and Roy, 2005).  
Q15: Antony (2004) mentions training as one of the key ingredients of the six sigma 
approach. Indeed, training is an essential part of six sigma and assures that managers and 
employees apply and implement six sigma tools and techniques appropriately and 
effectively (Elliott, 2004). As a ranking of expertise identified by the belt system, six 
sigma requires the extensive training of some of the best people in the organization 
(Kwak and Anbari, 2006). The different belt levels ensure that projects are established 
and executed faultlessly. In order to achieve this, organizations need to continuously 
learn and adapt the latest trends and techniques and invest in employee training. As 
mentioned earlier, the findings indicate that service firms seldom spend a noticeable 
investment on employee training and, although the mean for this procedure was slightly 
higher in the top two performers, the difference is not significant between the two groups 
at the 5% level. 
 
5.5.3 Customer-related Procedures 
 
Q16: The market place for services is dominated by rapid changes in customer needs and 
soaring competition. Consequently, market research in service areas requires constant and 
rigorous approaches in order to spot customers’ changes and competitors’ strategies 
(Ottenbacher et al., 2006). In other words, market responsiveness plays an important role 
in a competitive performance and enables organization to swiftly respond to changes in 
their customers’ wants. The main concern of DFSS is developing products or services 




through a well planned process where customer needs are understood and any necessary 
response to market changes happens promptly. It uses various techniques in order to 
understand and test customers' responses to the service concept (Sehwail and De Yong, 
2003). However, for this procedure the results show no significant difference between the 
top two performers and the bottom two at the 5% level. Both groups claimed to conduct 
regular market research as their strategy, although the mean for the top two performers 
was slightly higher.  
Q17: The sparse literature on NSD has indicated the impact of service customization on 
new service success (Ottenbacher et al., 2006; De Brentani, 1991). The reason for market 
segmentation centers on the assumption that customers show considerable variability in 
their service preferences and buying behaviors. Hence, the variability should be 
accounted for by the differences in the service or the product. Market segmentation helps 
organizations to deal with this variability and satisfy the different market sectors (Dibb, 
1998). Moreover, market segmentation can assist organizations target broader markets 
and reap more benefits than if aimed only at smaller, limited areas (Ottenbacher et al., 
2006). As the mean of this procedure is significantly different between the two groups 
(the top two performers and the bottom two) at the 5% level, the results of this study 
show the benefits of market segmentation in service companies. In general, the top two 
performers practiced market segmentation more often than the bottom two, which 
indicates the positive impact of service customization on NSD. Market segmentation 
usually takes place in the “define” stage of six sigma methodology in order to clearly 
obtain the voices of the different market fractions (El-Haik and Roy, 2005).   




Q18, Q19: Studies on new service success factors have highlighted a number of critical 
dimensions that are related to service success. The most crucial factors identified as 
significantly impacting NSD performance are market-related activities (Ottenbacher et 
al., 2006; De Brentani, 2001; Oldenboom and Abratt, 2000). Successful new services 
should meet consumers’ needs with a strong knowledge of their behavior. Barabba 
(1995) requires service organizations to implement approaches that incorporate the 
methods of customer-producer interactions during NSD. These approaches require 
service producers to obtain their customer’s inputs regularly. However, despite the 
importance of customer-oriented activities in NSD, previous studies of service based 
organizations have observed that many firms do not usually obtain customer input to their 
NSD projects (Alam and Perry, 2002). Regarding the results, it is not a surprise that the 
top two performers have given a higher emphasis to customer-oriented procedures. The 
difference between the mean of the two groups is noticeably significant at the 5% level. 
The top two performers claimed to obtain a clear set of customer requirements prior to 
service design and carefully documented customer inputs during NSD, whereas the 
second group (the bottom two) did not conduct this procedure. Six sigma is particularly 
attractive to service industries due to its customer-driven methodology. Its main concern 
is the maximization of fit between customer requirements and service characteristics 
(Taghaboni-Dutta and Moreland, 2004). The six sigma approach uses rigorous methods 
to obtain an exact set of customer requirements prior to service design and then designs a 
process in line with the customer’s real needs (Elliott, 2004).  
Q20: One of the fundamental concepts of six sigma is the identification of process output 
characteristics that are critical to quality (CTQ) from the customer’s perspective (Holtz 




and Campbell, 2004). As defined earlier, CTQs are the key measurable characteristics of 
a process with exact specification limits and targets that have been defined by the 
customers. Identifying a clear set of CTQs prior to service design will be helpful in terms 
of leading the development team to focus on what is really crucial to the customers. Our 
results show that both groups are concerned about defining a set of CTQs during NSD. 
However, the top two performers scored significantly higher for this procedure which 
shows its positive impact on service performance. 
Q21: By a comprehensive review of the NSD literature, it was observed that service firms 
generally ignore the importance of organizing a pre-launch test before the market launch. 
In other words, the launch was almost an afterthought. While huge amounts of interest 
were allocated to the development process, the launch itself was poorly planned and 
inadequately executed (De Jong and Vermeulen, 2003; Cooper et al., 1994). From the 
results we can once again see that launch preparation is poorly considered by service 
organizations. Nevertheless, the results reveal that the respondents who practiced launch 
preparation more often are more successful in terms of the total performance indicator. 
Q22: As discussed earlier, the results show that most service firms are deficient in their 
use of tools and techniques related to marketing communication and capturing customer 
needs. By comparing the top two performers with the bottom two, we notice that the 
difference between the two groups is strongly significant at the 5% level. This provides 
evidence of the possible benefits that service organizations can reap by using reliable 
tools and techniques during their marketing studies. 
 




5.5.4 Business-related Procedures 
 
Q23: Six sigma requires firms to align each project with the company’s total strategy. 
That is, it obliges the development team to select those projects that are in line with the 
company’s strategic objectives and business goals (Sehwail and De Yong, 2003; Antony 
and Banuelas, 2002). The process is usually performed in the “define” stage of the 
approach with the use of well established techniques such as balanced scorecard. 
According to the literature, mindful attention to the alignment is a leadership 
responsibility that guides organization to follow its defined vision and mission, which is 
absolutely essential for the company’s long-term growth (Cobb et al., 1998). In other 
words, it links the image of the new service and the image of the service organization as a 
whole. There is a strong evidence to suggest that service firms who carefully align their 
new projects with their long-term strategy are more successful. As we noticed, the results 
show a huge gap between two groups and the top two performers strongly selected 
projects aligned to their organizational policy. 
Q24: This aspect of six sigma relates to the need to conduct a comprehensive analysis of 
both the financial aspects and the potential revenues of the new service. It strongly 
emphasizes performing a detailed financial analysis in the early stages of NSD (Gitlow et 
al., 2006). In the “define” stage of the approach, six sigma requires firms to conduct a 
comprehensive business analysis and risk management for the selected projects. 
Similarly, Edgett (1994) suggests that successful NSD projects tend to be those which are 
supported by solid financial information and a realistic business analysis. Table 5.15 
shows that the top two performers scored higher than the second group (the bottom two) 
on conducting a detailed financial analysis prior to service design. Moreover, the 




difference between the two groups is significant (at the 5% level) which reveals the value 
of having a detailed business analysis in the early stages of NSD.  
Q25, Q28: Several scholars in the service area argue that service firms should clearly 
determine the way that the performance is assessed and define accurate and measurable 
performance indicators for monitoring and evaluating both the NSD process and the 
outcome (Johne and Storey, 1998; Menor, 2002). Voss et al. (1992) make a clear 
distinction between the process measures and the outcome measures of the NSD 
performance, and require organizations to create a comprehensive set of indicators in 
order to assess their performance. Six sigma tends to create a culture of visible 
performance measurement in the organization.  It requires firms to define accurate and 
measurable performance indicators for process monitoring and evaluation (Antony and 
Banuelas, 2002). The findings indicate that the top two performers regularly defined and 
used performance indicators to measure service outcomes and process effectiveness. The 
averages of these procedures are significantly lower for the bottom two performers. 
Q26, Q27: 
“Six sigma is very focused on impacting the bottom line of an organization and it has a 
specific method for accomplishing this objective while other quality approaches do not 
have such a clear financial focus”. (Gitlow et al., 2006). 
Six sigma is a business improvement strategy to enhance profitability, productivity and 
financial performance (Kwak and Anbari, 2006). Consequently, the outcome of six sigma 
is required to be expressed in financial terms which provide a clear measure of its impact 
(Goh, 2002). In the screening stage, the DFSS team is required to assure the profitability 




of the selected projects with a detailed business analysis. Furthermore, six sigma provides 
firms with several techniques to define accurate and measurable metrics related to the 
financial aspects of the project. For instance, a DFSS scorecard is one of the common 
tools used for this purpose and shows a broad picture of the company’s strategy in terms 
of improving the bottom-line results with clear metrics (Antony and Banuelas, 2002).  
As illustrated in Table 5.15, Q26 and Q27 have higher means among the top two 
performers and Q26 is statistically significant at the 5% level. 
Q29: Table 5.15 shows that the top two performers scored an overall mean response of 
4.0, while the bottom two performers scored a mean response of only 2.8 in using 
management tools such as balanced scorecard. The huge gap between the two groups is 
quite intriguing and reveals the importance of using appropriate tools and techniques in 
NSD. 
 
5.6 Referring to the Conceptual Framework and Conclusion 
Figure 5.8 and Table 5.16 show the full research model and a summary of the findings. In 
general, most of the procedures of the framework were found to be significant between 
the top two performers and the bottom two. That is, organizations which apply and 
implement the following procedures into their new service development experience a 
higher level of project success. Of the 29 procedures of the framework (infrastructure 
section), 23 were significantly different (at the 5% level) between the top two performers 
and the bottom two. The current research has identified that the top two performers place 
more emphasis on applying DFSS procedures and techniques. In other words, service 




organizations that implement the following procedures and techniques of DFSS more 
frequently achieve a higher overall performance indicator. The same conclusion can be 
achieved by speculating on the results of the second section of the framework (tools and 
techniques).  
The results of the second part are clear: the top two performers had a higher mean for all 
of the mentioned DFSS tools and techniques (Figure 5.6). Therefore, a review of the 
results for both the infrastructure and tools and techniques reveals the beneficial effects 
of the DFSS approach on new service development. In fact, DFSS will lead organizations 
to systematically implement and conduct the following procedures and techniques in their 
development process. As a well defined approach, DFSS obliges firms to follow its 









The use of formal processes in developing new services. 
The use of project management tools and skills. 
Conducting a detailed risk analysis for the NSD projects. 
The use of formal procedures to select NSD projects. 
The use of a periodical review. 




Cultivating top manager’s commitment and support toward NSD. 
Applying a structured training approach for the employees involved in NSD. 
The use of qualified employees in process design and optimization for NSD. 
The use of multifunctional teams. 
Emphasizing the use of six sigma tools and techniques for process design and quality 
improvement. 





Conducting a necessary pre-launch preparation and training for impeccable service delivery. 
Conducting a detailed formal study of the market on a regular basis to monitor possible changes 
in customer demands. 
An emphasis on market segmentation to customize new service. 
Obtaining a clear set of customer needs and requirements prior to service design. 
Defining a clear set of critical to quality factors during the development process. 





Using reliable tools and methods to clearly capture customer needs and requirements. 
Aligning NSD projects to the organization’s total strategy. 
Conducting a detailed financial analysis prior to the design stage. 
Using appropriate performance measures for evaluating the effectiveness of NSD. 
Focusing on measurable and quantifiable financial returns of the projects.  
























Cultivating the use of management tools and techniques such as the balanced scorecard. 






Figure 5.8 – Proposed framework 





Project management Procedures Questions Result 
The use of formal processes in 
developing new services. 
We follow a formal process with defined stages in 
our projects through planning, developing and 
launching. 
Supported 
The use of project management tools and 
skills. 
We use project management tools & skills for time 
and resource management in the developing process. 
Supported 
Conducting a detailed risk analysis for 
the NSD projects. 
We conduct a detailed risk analysis for the projects 
during the planning phase. 
Not 
Supported 
The use of formal procedures to select 
NSD projects. 
We conduct a formal procedure to evaluate and 
select projects. 
Supported 
The use of periodical reviews. We conduct a periodical reporting system during our 
developing process to evaluate the status of the 
project. 
Supported 
Conducting a post launch review and 
documentation after the new service 
launch. 
We conduct a post launch review and documentation 




Cultivating top manager’s commitment 
and support toward NSD. 
• Top managers have a long term commitment to 
developing new service. 
• Senior managements show strong and visible 
support behind the project. 
Supported 
Employee-related Procedures Questions Result 
Supported Applying a structured training approach 
for the employees involved in NSD. 
• The organization applies a structured training 
approach for employees who are involved in 
NSD. 
• The company spends a noticeable amount of 
money on training the employees who are 
responsible in NSD. 
Not 
Supported  
The use of qualified employees in 
process design and optimization for 
NSD. 
 
Employees involved in NSD are qualified in process 
design and optimization. 
Supported 
The use of multifunctional teams. We use a multifunctional team in our developing 
process. 
Supported 
Emphasizing the use of six sigma tools 
and techniques for process design and 
quality improvement. 
The NSD team is well-qualified in using six sigma 
tools and techniques for process design and quality 
improvement. 
Supported 
Cultivating appropriate communication 
and coordination among functional areas. 
Functional areas have good communication and 
coordination when developing new services. 
 Supported 
Conducting a necessary pre-launch 
preparation and training for impeccable 
service delivery. 
The firm employs intense training of the customer 
contact personnel prior to the service launch to 
ensure a proper delivery process. 
Supported 





Customer-related Procedures Questions Result 
Conducting detailed formal study of the 
market on a regular basis to monitor 
possible changes in customer demands. 
The firm carries out a detailed formal study of the 
market on a regular basis to monitor possible 
changes in customer demand. 
Not 
Supported  
An emphasis on market segmentation to 
customize new service. 
The firm conducts a clear segmentation of the 
targeted market to customize the new offer. 
Supported 
Supported Obtaining a clear set of customer needs 
and requirements prior to service design. 
• The firm obtains a clear set of customer needs 
and requirements prior to service design. 
• The customer needs and inputs are carefully 
documented and noticed during NSD. 
Supported 
Defining a clear set of critical to quality 
factors during the development process. 
The development team defines a clear set of critical 
to quality factors during the development process. 
Supported 
Conducting a pre-launch test for NSD 
before the actual launch. 
The development team conducts a pre-launch test for 




Using reliable tools and methods to 
clearly capture customer needs and 
requirements. 
The development team uses reliable tools and 
methods to capture the voice of the customer. 
Supported 
Business-related Procedures Questions Result 
Aligning NSD projects to the 
organization’s total strategy. 
The firm selects those NSD projects which are 
aligned to its total strategy. 
Supported 
Conducting a detailed financial analysis 
prior to the design stage. 
A detailed financial analysis precedes the design 
stage. 
Supported 
Using appropriate performance measures 
for evaluating the effectiveness of NSD. 
The company uses appropriate performance 
measures to evaluate the effectiveness of the 
developing process. 
Supported 
Supported Focusing on measurable and quantifiable 
financial returns of the projects.  
 
• Every project has to contribute positively to the 
company’s bottom line. 
• For each project, the firm focuses on 
measurable and quantifiable financial returns to 
the bottom line of an organization. 
Not 
Supported  
Defining a clear set of key performance 
indicators to monitor service 
performance. 
The development team defines clear sets of key 
performance indicators to monitor service 
performance. 
Supported 
Cultivating the use of management tools 
and techniques such as the balanced 
scorecard. 
We use management tools such as balanced 
scorecard to align project objectives with strategic 
objectives. 
Supported 
Table 5.16 – Summary of research findings 
 






6.1 Research Findings and Implications 
As mentioned earlier, the literature on six sigma views DFSS as more of an approach 
than a defined methodology with established stages. Thus, no single standard 
methodology for DFSS currently exists. Organizations customize DFSS approaches to 
meet their specific needs and label them with different acronyms such as DMADV, 
IDOV, DMADOV, ICOV, DCCDI and DMEDI. Although these methodologies have 
superficial differences in their terms and the number of stages, the tools and techniques 
they implement are the same. The main purpose of this study is to identify the 
commonality of using the DFSS approach in service-based firms and to investigate its 
impact on the success of NSD projects. Towards this end, we propose a framework that 
embraces the main principles of the approach. The conceptual model consists of the 
following two main sections: (1) infrastructure and (2) tools and techniques. The 
infrastructure section is further subcategorized into project management procedures, 
employee-related procedures, customer-related procedures, and business-related 
procedures. In the survey, we investigated the following two main objectives of this 
study:   
1) What is the current commonality of using the DFSS approach in service 
organizations? 
2) What is the impact of using the DFSS approach in new service development? 




In order to investigate the research questions, data was collected via a mail survey sent to 
Singaporean service firms.  The first part of the survey measured NSD performance 
according to 10 different performance dimensions which varied from financial metrics 
(profitability and market share) to customer relationship metrics (enhancing loyalty).  
Respondents were asked to evaluate the success of their new services by using a 1-5 
Likert scale ranging from “totally unsuccessful” to “totally successful” for each 
performance indicator. The overall performance of the new service was calculated by the 
aggregate mean score of the 10 performance indicators. In order to investigate the impact 
of the DFSS approach on new service development, the top two performers in NSD (as 
measured by the overall performance indicator) were contrasted with the bottom two 
performers for each construct of the proposed framework. The survey results also 
illustrate the commonality of using the DFSS approach in service based firms.  
Of the four subsections of the proposed framework (infrastructure section), customer-
related procedures received the lowest scores and were surprisingly not emphasized as 
much as they should be by service organizations. Even though gaining knowledge of 
customer needs and requirements is accepted as a critical success factor, many service 
companies lend insufficient attention to this part of NSD.    To bring the importance of 
market research into focus, suffice to say that all the procedures for this section notably 
obtained higher means for the top two performers.  Five out of the seven procedures in 
this section were statistically significant at the 5% level. The results of our data analysis 
shines a light on the benefits that service organizations could reap by implementing 
DFSS in their development process. Respondents that more frequently used DFSS 
procedures showed higher degrees of success with regard to their overall performance 




indicator. In other words, DFSS compels organizations to follow rigorous methods and 
techniques in their marketing approaches which connect customer needs into process 
design. A review of the research findings proves the effectiveness and impact of the 
DFSS procedures on NSD performance. To summarize, we are able to conclude that 
DFSS customer-related procedures are beneficial for service firms and will increase their 
performance in NSD. 
The results from the project management procedures reveal that the top two performers 
had a higher mean in nearly all of the procedures, and six of the eight procedures were 
statistically significant at the 5% level.  Further analysis of the results suggests that the 
service organizations conducted insufficient risk analysis for NSD. In accordance with 
the previous research on NSD, this study confirms that management commitment and 
support have a positive effect on the development process. Furthermore, having a formal 
step-by-step approach can provide organizations with a better overall performance. In 
general, the results for this section reveal that service organizations which implement 
DFSS procedures and techniques have a more successful development process compared 
with those that give these procedures less emphasis. To sum up, we are able to conclude 
that DFSS procedures related to the project management section have a positive impact 
on NSD performance and can result in successful outcomes with regard to both tangible 
and intangible metrics. 
There were seven questions designed to investigate the impact of DFSS employee-related 
procedures on service firms, and six procedures were found to be statistically significant 
at the 5% level. It was not surprising to find that companies with a consistent training 
program experienced a greater number of successful projects. The results show that 




possessing employees who are qualified to use tools and techniques related to service 
design and service quality has a positive effect on the service outcome. Another factor 
separating successful projects from unsuccessful ones is the use of multi-functional teams 
with effective communication between the functional areas. Further investigation showed 
that the least common procedures were organizational investment and support for training 
strategies. As expected, the top two performers obtained higher means for all of the 
procedures in this section. The findings illustrate that respondents who more commonly 
practice employee-related procedures have more successful outcomes. In conclusion, the 
results validate the effectiveness of DFSS employee-related procedures in new service 
development processes for improving performance. Indeed, one of the benefits of the 
DFSS approach is using employees with sufficient knowledge and training in the tools 
and techniques of process design and process quality at different levels of the belt 
hierarchy. 
Owing to the fact that nearly all of the organizations achieved their highest mark in the 
business-related procedures, the results of last section are quite intriguing. Overall, most 
of the firms in our study have focused their attention on procedures that are primarily 
related to the financial aspects of NSD.  A review of the results shows that service 
companies should define their performance indicators and measures more carefully, as 
these procedures received the lowest scores of all. Of seven procedures, only one was 
slightly non-significant at the 5% level. Offering strong support that conducting these 
procedures can greatly increase the performance of NSD, the top two performers 
obtained higher mean scores for all seven procedures of this section. Hence, the findings 




for this section are in line with the findings of the previous sections that also indicated the 
benefits of implementing DFSS in NSD. 
A review of the second section of the framework, consisting of the tools and techniques 
of the approach, revealed that the top two performers use DFSS tools and techniques 
more frequently. Furthermore, the results also indicate that service companies place a 
greater emphasis on qualitative techniques rather than quantitative ones. While 
qualitative techniques such as benchmarking, process mapping and Kano analysis 
received the highest scores of all, quantitative techniques like DOE (design of 
experiments) and SPC (statistical process control) were among the least practiced. These 
findings shed light on the fact that the quantitative tools and techniques of six sigma are 
not commonly practiced in service organizations. In other words, the tools and techniques 
that deal with service data and attempt to quantify service processes are noticeably 
ignored by service firms. One possible explanation for this comes from our study of the 
past literature on services. According to the literature, intangibility is the one of the core 
characteristic of services that differentiates them from products. Simply put, it is very 
challenging to quantify a service; they are intangible and hard to define. This means that 
the statistical techniques established for manufacturing are unhelpful and frequently 
unwelcome in service firms. According to the findings, TRIZ was the least scored 
technique, indicating the fact that service companies have closed their eyes to its fruitful 
results for problem solving during new service design. Additionally, Figure 5.7 illustrates 
a grave inadequacy in the use of six sigma tools and techniques by service organizations. 
As the chart shows, service organizations are focusing on a limited number of DFSS tools 
and techniques, and additional ones have been ignored by the respondents. Eight of the 




sixteen tools in this survey received an overall mean less than 2 on the 1-5 Likert scale, 
and only four received an aggregate score of 3. Hence, we can conclude that most DFSS 
tools and techniques have been overlooked in NSD and that service firms are not using 
the various techniques of the DFSS approach as vigorously as they should.    
The results of the survey found that 23 of the 29 DFSS procedures distinguished the top 
two performers from the bottom two performers. An analysis of the questionnaire data 
shows that service organizations which implement and conduct DFSS procedures and 
tools and techniques are more successful in their final outcomes. To conclude, the results 
of both sections of the survey strongly indicate that service organizations reap 
significantly productive results by implementing DFSS in their development processes.  
DFSS obliges organizations to systematically carry out the procedures and techniques of 
this approach while developing new services, and the results prove its beneficial impact. 
In fact, the results of the survey on Singaporean service organizations show that DFSS 
procedures and techniques can enhance the performance and efficiency of new service 
development processes. Furthermore, the results show that all four aspects of the DFSS 
infrastructure have a concrete impact on NSD and the approach must be implemented 
comprehensively in order to achieve the desired outcome. 
6.2 Limitations and Further Research 
The findings of this study are subject to a few limitations. In this section they will be 
identified and discussed as potential directions for future research.  




Firstly, due to limitations of time and budget, the survey was only conducted in 
Singapore. As managerial practices and cultures differ across the world, we cannot be 
certain that our findings can be extended abroad. A more assured conclusion can be 
achieved if the same study is conducted in foreign countries with dissimilar management 
behaviors and cultures. 
Secondly, due to the nominal number of respondents in each service industry, we were 
not able to take industrial differences into consideration as part of our analysis. As the 
relative importance of the DFSS procedures and tools might be different in various 
service industries, a more extensive study that elaborates on each service area is 
necessary.  
Thirdly, we attempted to design our survey in a straightforward way that was easy to 
understand. In order to achieve a higher response rate we tried to make the questionnaire 
less lengthy and less time consuming for the respondents. Therefore, we summarized the 
DFSS infrastructure into twenty-nine questions and listed the sixteen tools and techniques 
most commonly mentioned in the literature. It is possible that we missed some 
procedures or tools related to the DFSS approach, and this is an additional limitation of 
this study. However, a fully detailed study could not be achieved without significantly 
lengthening the questionnaire and including more procedures and tools. This might result 
in a more comprehensive investigation, but at the expense of decreasing the response 
rate. A future study could be conducted with a more detailed questionnaire and a much 
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Dear Sir / Madam, 
 
 
We are writing to invite your company to participate in a study of the using Six Sigma methodology 
in New Service Development (NSD).The purpose of this project is to improve the performance of 
NSD by implementing Six Sigma principals and tools. In order to achieve this purpose, we designed 
this questionnaire to investigate the key activities and tools currently being used in the New Service 
Development process. The findings would be helpful in giving in-depth insights about new service 
activities in firms and in improving the NSD performance in Companies. 
 
 
For this purpose, we would be thankful if you or the person in charge of New Service Development 
completes the enclosed questionnaire .All responses will be treated in strict confidence; at no point 
will names of companies or individuals be revealed. The questionnaire should take less than 15 
minutes to complete. You may submit the complete questionnaire either by fax or by mail using the 
envelopes provided, preferably within the next 2 weeks. We will be happy to send you a summary of 
the findings should you indicate so. 
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The Questionnaire should take less than 15 minutes to complete. If requested, the 
respondent will receive a summary of the results of this survey. For this purpose, please 
complete the information at the end of the questionnaire. All information will be kept 
strictly confidential. 
There are 4 sections in this questionnaire. Please answer each of the following questions 
in each section. When a precise answer is not possible, please give your best 






1. What is your Service Area?  
□ Banking/Finance                      □ Consultancy         □ Employment Agency 
□ Hospitality/Hotel                      □ Healthcare            □ Insurance 
□ Information Technology           □ Retail                    □ Telecommunication 
□ Transports                                 □ Utilities: Power, Gas or Water Supply 
□ Others (please specify):________________________________ 
 
2. How many employees does the company have? 
□ 50 or less                      □ 51 – 100                       □ 101 – 250 
□ 251- 500                       □ 501- 1000                     □ 1001 or more 
 
4. Is your company engaged in any new service development activities?  
□     Yes               □     No* 
 
* If your answer to this question is “No” then please proceed to the last page and fill in 









The application of Six Sigma activities and tools In New Service Development (NSD) 




Performance of the new service development  
 
In this section we attempt to identify the performance of the new services in your 
company according to multidimensional measures. Please rate the overall performance of 








1 2 3 4 5 
 
Performance measures of new service      
Exceeding the total sales objectives 1 2 3 4 5
Exceeding the market share objectives 1 2 3 4 5
Being profitable for the company 1 2 3 4 5
Having a strong long-term performance  1 2 3 4 5
Improving the loyalty of existing customers 1 2 3 4 5
Having positive impact on company’s image 1 2 3 4 5
Enhancing the profitability of other products of the company 1 2 3 4 5
Having positive impact for company to open up new markets 1 2 3 4 5
Having a significant impact for the company in attracting new customers 1 2 3 4 5
Giving the company important competitive advantage 1 2 3 4 5
 
Section C 
In this section we attempt to identify key activities that are conducted during the process 
of developing new service.  
Please indicate the degree of using following activities in company‘s NSD process 
according to the following criteria.  
 
Never Seldom Sometimes Often Frequently 
1 2 3 4 5 
 
Project management Procedures      
1-We follow a formal process with defined stages in our NSD projects 
through planning, developing and launching. 
1 2 3 4 5
2-We conduct a formal procedure to evaluate and select projects. 
 
1 2 3 4 5
3-Top Managers have a long term commitment to developing new 
service. 
1 2 3 4 5
4-Senior managements show strong and visible support behind the 
project. 
1 2 3 4 5
5-We conduct a periodical reporting system during our developing 
process to evaluate the status of the project. 
1 2 3 4 5
6-We conduct a detailed risk analysis for the projects during the 
planning phase. 
1 2 3 4 5
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7-We conduct a post launch review and documentation of the projects 
after launching a new service. 
1 2 3 4 5
8-We use project management tools & skills for time and resource 
management in the developing process. 
1 2 3 4 5
Employee-related Procedures      
9-The organization applies a structured training approach for employees 
who are involved in NSD. 
1 2 3 4 5
10-Employees involved in new service development are qualified in 
process design and optimization. 
1 2 3 4 5
11-We use a multifunctional team in our developing process. 
 
1 2 3 4 5
12-The NSD team is well-qualified in using six sigma tools and 
techniques for process design and quality improvement. 
1 2 3 4 5
13- Functional areas have good communication and coordination when 
developing new services. 
1 2 3 4 5
14- The firm employs intense training of the customer contact personnel 
prior to the service launch to ensure a proper delivery process. 
1 2 3 4 5
15-The company spends a noticeable amount of money on training the 
employees who are responsible in service development. 
1 2 3 4 5
Customer-related Procedures      
16- The firm carries out a detailed formal study of the market on a 
regular basis to monitor possible changes in customer demand. 
1 2 3 4 5
17- The firm conducts a clear segmentation of the targeted market to 
customize the new offer. 
1 2 3 4 5
18- The firm obtains a clear set of customer needs and requirements 
prior to service design. 
1 2 3 4 5
19- The customer needs and inputs are carefully documented and 
noticed during NSD. 
1 2 3 4 5
20- The development team defines a clear set of critical to quality 
factors during the development process. (e.g. service time, waiting time, 
service cost,etc.) 
1 2 3 4 5
21- The development team conducts a pre-launch test for NSD to ensure 
the success of the project before the actual launch. 
1 2 3 4 5
22- The development team uses reliable tools and methods to capture 
the voice of the customer. 
1 2 3 4 5
Business-related Procedures      
23- The firm selects those NSD projects which are aligned to its total 
strategy. 
1 2 3 4 5
24- A detailed financial analysis precedes the design stage. 
 
1 2 3 4 5
25- The company uses appropriate performance measures to evaluate 
the effectiveness of the developing process. 
1 2 3 4 5
26- Every project has to contribute positively to the company’s bottom 
line. 
1 2 3 4 5
27- For each project, the firm focuses on measurable and quantifiable 
financial returns to the bottom line of an organization. 
1 2 3 4 5
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28- The development team defines clear sets of key performance 
indicators to monitor service performance. 
1 2 3 4 5
29- We use management tools such as balanced scorecard to align 
project objectives with strategic objectives. 
1 2 3 4 5
 
Section D 
In this section we attempt to identify the frequency of the tools being used in various 
stages of new service development process. Please indicate the degree of using following 
Tools and Techniques in company according to given scale. 
 
Never Seldom Sometimes Often Frequently 
1 2 3 4 5 
 
Tools & Techniques      
QFD  1 2 3 4 5
Kano analysis 1 2 3 4 5
Benchmarking 1 2 3 4 5
Balanced  scorecard 1 2 3 4 5
TRIZ 1 2 3 4 5
Axiomatic design 1 2 3 4 5
Failure mode effect analysis(FMEA) 1 2 3 4 5
Process mapping 1 2 3 4 5
Design of experiments (DOE) 1 2 3 4 5
Process capability analysis 1 2 3 4 5
Multi-generation product plan 1 2 3 4 5
Project management techniques 1 2 3 4 5
Simulation techniques 1 2 3 4 5
Pugh concept selection 1 2 3 4 5
Mistake proofing(Poka-Yoke) 1 2 3 4 5
Statistical process control 1 2 3 4 5
 













All information will be kept strictly confidential 
THANK YOU VERY MUCH FOR YOUR CO-OPERATION 
 
Name: __________________________________ Position: ______________________ 
 
Name of Company/Organization: ___________________________________________ 
 
Address: ______________________________________________ Postcode_________  
 
Phone: __________________ Fax: _________________ E-mail:__________________ 
 
   If you want a copy of the results of this research, Please tick the box. 
